


? 
A GLOBAL 
THERMONUCLEAR 
EXPLOSIONS 
ARE IMPOSSIBLE 


Prof. M. H. L. Pryce 
F.R.S. 


THE NEGATIVE 
PROTON 


Prof. O. R. Frisch 
F.R.S. 


HIGH PRESSURES 
AND DENSITIES 


Prof. G. O. Jones 
M.A., B.Sc., Ph.D. 


HEREDITY IN 
MICRO-ORGANISMS 


G. Pontecorvo 
Ph.D., F.R.S. 


THE INSIGHTFUL 
LEARNING 
MACHINE 


J. A. Deutsch 
M.A. 
























HOW INDUS- 
TRIALISATION 
CAN ALTER 
SPECIES 


Dr. H. B. D. Kettlewell 
M.A., M.B., B.Chir., F.R.E.S. 







The black form of the Peppered 
Moth which is supplanting the 
light form in industrial areas. 
(See Dr, Kettlewell’s article.) 





a. * 


DECEMBER 








1955 


ae ee 
. = 


~ . e 
en oo 
ete A ce. _ Oe a) ee 











M. Peligot finds uranium 


































—— 
M. Peligot has communicated to the Annales de Chimie et Physique (xvii, 363) a short not: -_ 
on the preparation of uranium. A mixture of 75 grammes of uranous chloride, 150 grammes o 
dry potassium chloride, and 50 grammes of sodium in fragments is introduced into a porcelain: 
crucible, itself surrounded by a plumbago crucible. The reaction is effected in a wind furnace 

at the temperature of redness ; but the heat must be increased for a short time 
o> at the close of the operation. In the black slag may be found, after 
re eS © P/ / cooling, globules of fused uranium. 
The new method of producing uranium was announced 
in the first issue of Nature in 1869. Monsieur Peligot, 
[ who twenty-eight vears before had first isolated the metal, 
discovered by Klaproth in 1789, was opening the door 
a little more widely to the possibility of an Atomic Age 
a century later. I de ae 
In recent years the priority attaching to the atomic energy ————— 
programme has restricted their availability, but uranium 
compounds are now again available and figure among the 
several thousand fine chemicals of very high purity supplied 1 
by B.D.H. for science and industry. 
The B.D.H. catalogue contains more than 6,000 lab- 
oratory chemicals and reagents. Of these some hundreds THREE ¢ 
in addition to ‘AnalaR’ and ‘M.A.R.’ chemicals, are Among the 
labelled with specifications of purity. during the 
our under: 
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THREE GREAT CHEMICAL ACHIEVEMENTS 
Among the most significant developments in chemistry 
during the past twenty-five years has been the growth of 
our understanding of the nature of large molecules. 
Examples of these are provided by many important 
natural substances, such as proteins and carbohydrates. 
Thus ovalbumin, the principal protein of egg-white, has 
a molecular weight of the order of 43,000; lysozyme, 
the potent antibacterial substance found in tears, has a 
molecular weight of around 14,000; polysaccharides, 
some of which have molecular weights measured in 
hundreds of thousands, include such substances as 
starch and cellulose. In recent years a wide range of 
synthetic polymers with comparable molecular weights 
has been produced, and some of these polymers are of 
great importance to the plastics industry and the textile 
industry. 

In this field the rigorous methods of what may be 
called classical organic chemistry for the determination 
of structure may have to be somewhat relaxed, but in 
compensation new methods of structure determination 
have been pressed into service, so that one’s confidence 
in the results need not be impaired. The classical 
method is essentially a combination of two methods of 
approach. It consists on the one hand of breaking com- 
plex substances down into comparatively simple sub- 
stances whose structure is already unequivocally known; 
the relationship of these to the original molecule can be 
deduced from the nature of the reactions used to derive 
them. On the other, it consists in synthesising a product, 
identical in every respect with the original, by means of 
chemical reactions whose course is not open to question. 
It is, in effect, like taking a completed jigsaw puzzle to 
pieces, and then fitting them all together again to repro- 
duce the original picture. Obviously the difficulty and 
labour of both these operations is in general bigger 
when one is dealing with molecules of larger size. 

Although this rigorous method of structure determina- 
tion is still applicable, and indeed essential, in many 
fields of organic chemistry, it is exceedingly laborious 
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for most of the very large molecules. The reason for 
this is not that these large molecules introduce any new 
principles—the rules which determine their formulation 
are just the same as those for simple substances—but 
that their very complexity makes the elucidation of the 
finer details of their structure so time-consuming that it 
can be undertaken only if it promises to pave the way 
to results of outstanding importance. Broadly speaking, 
classical methods can give us a very good general picture 
of the nature of large molecules, but are not very 
suitable for filling in the details. 

Despite these difficulties astonishing progress has been 
made, as is exemplified by the recent elucidation of the 
essentials of the structure of insulin, a substance whose 
great physiological importance has naturally provided a 
powerful incentive to intensive investigation. Basically, 
insulin has the nature of a simple protein—that is to say 
it consists of linked amino acids. In this work an im- 
pressive array of chemical analytical techniques has 
been pressed into service. A notable development came 
in 1952 when a new chemical method for determining 
molecular weights indicated that the weight was not 
about 12,000, as had hitherto been accepted, but only 
about 6000. To arrive at a molecular weight more 
precise than the 6000 figure, the chemists had to consider 
the nature and variety of the amino acids (which are the 
principal constituents of the insulin molecules) and 
the kinds of bonds by which they are joined. It thus 
became possible to pinpoint the molecular weight with 
some confidence as 5734. It became clear that insulin 
consists of two chains of amino acids linked together 
by three pairs of sulphur atoms, the latter being derived 
from the amino acid cystine. Some fifty amino acid 
units are involved in the structure of insulin, although 
the number of amino acid species involved is smaller 
as most of the units appear several times over. Never- 
theless, the task of determining the exact sequence of 
acids is a most formidable one—the difficulty of cor- 
rectly fitting only three different species (1, 2, X) into 
the fourteen empty spaces of a football-pool coupon 
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comes quickly to mind for purposes of comparison. The 
task has, however, now been done and, moreover, the 
position of the sulphur bonds has been determined; a 
detailed account of this last phase of the work, carried 
out by Sanger and his co-workers at Cambridge, can 
be found in the Biochemical Journal (August 1955). 
This paper is thus able to give the complete chemical 
structure of insulin. The detailed configuration of the 
molecule—that is to say, the exact position of the con- 
stituent atoms in space as opposed to their position 
relative to each other—has still to be determined. The 
task of synthesising insulin, which could further confirm 
the structure now put forward, has yet to be essayed. 

Another large molecule whose structure has recently 
been determined, is vitamin B,.. This compound has a 
molecular weight of about 1400. Besides the methods of 
what we may call “straight” organic chemistry, the 
elucidation of its structure involved some brilliant work 
by x-ray crystallographers, whose technique entails no 
chemical manipulation of the substance under investiga- 
tion. Indeed, the virtually complete structure has been 
arrived at independently on crystallographic evidence. 
The excitement of this can scarcely be better conveyed 
than by quoting from the original account given in 
Nature (August 20, 1955). “To be able to write down a 
chemical structure very largely from crystallographic 
evidence on the arrangement of atoms in space—and 
the chemical structure of a quite formidably large mole- 
cule at that—is for any crystallographer something of a 
dream-like situation.” Details of the structure of this 
vitamin have been filled in from conventional—though 
exceedingly complex and difficult—organic chemical 
studies which independently give the complete structure; 
these outstanding researches were described in the same 
issue of Nature. A very significant feature in the 
account of the crystallographic work is that the im- 
mense labour of the computations was brought within 
manageable dimensions by the use of a large electronic 
computing machine. 

Although vitamin B,. has certain features which make 
it particularly amenable to direct x-ray analysis, so that 
it must not be assumed that all molecules of comparable 
complexity and size now fall within the method’s scope, 
this success is not merely brilliant in itself but of great 
significance for the future. What is now needed in the 
chemistry of big molecules is not so much new chemical 
knowledge but labour-saving techniques which will take 
some of the drudgery out of the research. x-ray crystal- 
lography, reinforced by electronic devices to carry out 
the vast number of computations necessary even for 
relatively small molecules, promises to be exceedingly 
helpful. 

Final elucidation of the essentials of the structure of 
Vitamin B,, and insulin would alone make 1955 a 
notable year in large-molecule chemistry, but still 
another success has very recently been reported in the 
same field. The structure of ACTH (molecular weight 
4500) is also now established. This substance, one of the 
six principal hormones secreted by the pituitary gland, 
consists of thirty-nine amino acids linked together in a 
straight chain. 
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While it is certainly not premature to say that we are | 


at last getting to grips with the detailed structure of 
large molecules, it must be emphasised that the three 
successes described above have eventuated only after 
years of intense effort by brilliant teams. While there 
remain hundreds of other interesting substances of com- 
parable complexity which might yield their secrets to 
the same kind of onslaught, the existing facilities for 
mounting such an attack are limited. 


SCIENTIFIC ‘‘ILLITERACY’’ 


The latest prizes to be offered in Britain for essays on | 
scientific subjects are The Sunday Times annual prizes 
of £100 and £50. Organising the competition in con- 
junction with the monthly journal, Research, this news- 
paper invited research scientists to submit essays of 
1500 words suitable for publication in a general news- 
paper and the choice of subject was reasonably wide. 
The result was depressing, if not perhaps remarkable. 
None of the forty-three entries was considered to be 
worth a prize. It is clear from the judges’ report that 
the standard of the forty-three essays was far below 
what was required. The chief characteristic of all of 
them was diffuseness. Their style was completely un- 
suitable for a newspaper appealing to the lay public. 
The tone of the judges’ report is more sorrowing than 
surprised; twice it uses the word “heartache”. The 
subjects chosen for the essays were fascinating and varied, 
and the number of entries showed that there was a 
willingness to communicate science to the ordinary 
reader. The actual writing was, apparently, plain bad. 
Hence the judges’ heartache. 

The fact that every one out of those forty-three 
scientists found it beyond his powers to explain a scien- 
tific subject to the layman satisfactorily ought to be 
startling. It does not startle those who have to read a 
great deal of scientific writing, and who have become 
painfully conscious of the growing extent with which 
unintelligible sentences and paragraphs appear in the 
published literature. There seems to exist a semantic 
and constructional trap in which too many scientists, 
faced with the necessity of written explanation or 
description, inevitably get caught. When this happens 
clear thought vanishes, the simple sentence sprouts an 
awful array of ill-connected clauses and a fungoid 
growth of jargon. All this is no longer any cause for 
astonishment, though it is for alarm, as Ritchie Calder 
pointed out vehemently at the recent British Association 
meeting in Bristol. What is surprising about The Sunday 
Times incident is the spectacle of so many scientists 
anxious to explain their ideas but silenced by gags of 
their own making. 

Paradoxically, many scientists who are incapable of 
producing anything in print that is even half-clear or 
readable, talk very effectively. In conversation or an 
interview they are perfectly capable of explaining what 
they are doing in comprehensible terms; a good many 
will go further and provide a clear explanation of why 
they are doing it. Frequently their spoken words glow 
with enthusiasm. This is probably because there can 
be no single “accepted” style in conversation; people 
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This year’s Nobel Prize for Physiology and Medicine goes to Prof. 
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Hugo Theorell (/eft). The first Swede to Win a Nobel Prize 


since 1911, he is head of the biochemistry department of the Nobel Institute, Stockholm. An authority on oxidation enzymes, he 
isolated the compound of riboflavin and phosphoric acid and then derived from it the yellow respiratory enzyme discovered by 
Warburg and Christian. Work in this field led him to devise the blood test that is now accepted in Swedish courts in cases of 


drunkenness. 


The 1955 Physics Prize is shared by Dr. Polykarp Kusch of Columbia University (centre) and Dr. Willis E. Lamb 


of Stanford University, California (right). The official citation mentions Dr. Kusch’s “‘precision determination of the magnetic 
moment of the electron’’, while Dr. Lamb is honoured for discoveries concerned with the fine structure of the hydrogen spectrum. 
Their discoveries, made independently around 1947, have led to important refinements of the theory explaining the interaction 
between the electron and a magnetic field. The 1955 Chemistry Prize has been awarded to Prof. Vincent du Vigneaud of Cornell 


University for his work on synthetic hormones. 


talk out of their personalities. When writing, people 
often tend to smother their personalities completely 
under a load of respectable and conventional phrases, a 
sure way to emasculate any style. The “‘officialese” that 
resultt—and officialese is not a monopoly of Civil 
Servants—is often extremely bad prose. No one talks 
“up” or what is worse, “down”, for very long, but 
nearly everyone, except professional writers, attempts to 
do this when putting ideas on paper instead of writing 
as he would talk. This point is confirmed when one 
looks at the scripts of radio talks or lectures given by a 
scientist. In both cases it is clear that he is simply 
trying to communicate sense, and not bothering about 
measuring up to some artificial criterion of dignity. The 
result may not be a masterpiece of concise and logical 
explanation but it is usually passable in style and it is 
intelligible. 

Voices are raised from time to time calling for higher 
standards of written English. A recent example was that 
of the Dean of Westminster Medical School. “In our 
recent entrance scholarship examinations,’ he said, 
“most of the candidates reached good scholarship stan- 
dards in the basic sciences. In English, none achieved a 
high standard, several an adequate standard, but the 
vast majority a standard so low that it bordered on 
illiteracy.” At the British Association, Mr. Calder sug- 
gested some educational projects which might help to 
close the widening gap between science and the humani- 
ties. These would affect only the younger generation. A 
point overlooked so far is that some of the drawbacks of 
scientific writing may be due to the desire to please 
older men, internal critics, themselves without any 
writing technique. Many scientific papers and almost 
all the articles written by scientists for the trade or tech- 
nical Press have to be submitted for approval to some- 
One in authority—the leader of a group or team, the 
director of research. Unfortunately it is next door to 
impossible to leave someone else’s writing alone when 
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asked for comment. Prejudices from schooldays, a 
liking for inoffensive prose, shock at a colloquial phrase 
Or an unusual simile—all these play a part in making a 
reader reach for a pencil and scrawl alterations over 
the work. It is an altogetier too common a failing to 
think that one can write well and certainly better than 
the other man. The fact that this is a sincerely held 
opinion makes it no less lethal in action. Multiply the 
effect by putting the script before a committee, and one 
readily appreciates why the majority of annual reports 
conform to such a drab standard. There are no hard- 
and-fast rules for stylish writing but there ought to be 
one for reading. If the facts are set down clearly, and 
are correct leave the script alone. It is a policy that 
experienced editors of scientific journals generally adopt. 

Since this note was originally written, our criticisms 
have been powerfully reinforced by an article by Dr. 
John R. Baker, which was supported by a pungent 
leader, published by Nature on November 5. These two 
items focused attention on some of the worst abuses of 
our language that occur in scientific papers written by 
scientists for journals such as Nature. The leader 
pleaded for more care and thought by scientists, so as to 
free themselves of the charge of writing jargon. It con- 
cluded with these words: “In the present age, the pro- 
motion and exposition of research can be almost as 
important as the work itself.” 


SCIENTIFIC BEST-SELLERS 


Ideas about what constitutes good scientific writing can 
be gained by looking at some of the scientific books 
that have proved “best-sellers”. It is almost impossible 
to find any exact figure for the sales of the Origin of 
Species, but there seems to be little doubt that over the 
years it has reached a bigger public than almost any 
other scientific book. It certainly has reached a great 
many non-scientists. One reason for its success was 
Darwin’s plain, unpretentious but very lucid style. The 
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book is one of the few scientific books mentioned in 
The Concise Cambridge History of English Literature, 
which comments that Darwin “in his simple .. . way 
said a first word of such power that the year 1859 still 
makes an epoch in the history of thought”. (There is 
certainly room for thought in the fact that the paper 
which Darwin and Wallace presented to the Linnean 
Society in 1858 on evolution by natural selection caused 
hardly a ripple, whereas the Origin of Species appearing 
only a year later caused an intellectual revolution.) 

In a different category altogether was Darwin’s book 
The Formation of Vegetable Mould through the Action 
of Worms. That sold 8500 copies in about two years— 
which is more than many so-called “popular science” 
books of modern times sell. 

The recent Pelican book Five Hundred Years of 
Printing mentions a few best-selling science books; for 
example, The Sea Around Us, Kon-Tiki and Sir James 
Jeans’s The Universe Around Us. In actual fact Jeans’s 
best-selling work was The Mysterious Universe; the 
English edition published by Cambridge University 
Press was sold all over the world to the tune of 240,574 
copies. The figures for Hogben’s books, Mathematics 
for the Million (1936) and Science for the Citizen (1938) 
are instructive; of the English editions of these books 
187,000 and 122,000 copies have been sold. (In both 
cases there was a separate American edition, and 
Allen & Unwin reckon that the total world sales in all 
languages would be about four times the figures we 
have quoted.) 

Natural history books form a category which abuts 
upon the scientific book field. The Pelican volume on 
printing which we have referred to mentions the books 
of the Rev. John George Wood which were so popular 
in Victorian times, and states that the first edition of his 
Common Objects of the Country (1858) sold 100,000 
copies within a week. More scientific than his works 
are the books which have been published in the “New 
Naturalist” series, started by Collins in 1945. Two of 
the outstanding volumes in this series are Butterflies by 
E. B. Ford and Dudley Stamp’s Britain's Structure and 
Scenery, which have respectively sold 43,500 and 40,000 
copies. Other publishers may have equally interesting 
Statistics available about tneir scientific “best-sellers’’, 
and we should welcome their figures. 

We have no doubt that many of our readers who want 
pointers as to the literary styles that have proved most 
effective for scientific writing (outside the fields of 
scientific textbooks and research papers) will be able to 
get them from an examination of such best-selling 
books. 


AUTOMATIC CONTROL 


Although the term “automation” has been recently 
bandied about, little public discussion has centred on 
those industries which have taken for granted an 
increasing degree of automatic operation of their pro- 
cesses. They are not the popular mass-production indus- 
tries, the production lines which are expected to make 
better use of labour by transfer machines, more 
mechanical handling and further development of multi- 
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head automatic metal-forming machines. They are the 
so-called “process industries’, which include the oil and 
chemical industries. These begin with some advantage 
in that most of the materials are more tractable than, 
say, the component parts of automobiles. They are 
fluids, liquid or gaseous, which can be pumped around 
and sent in any direction with no manual labour, or 
solids which can be forced to take on some of the 
properties of fluids when transported. The difficult 
problems of making intricate shapes do not exist, or if 
the intricacy is there, say in some particular crystalline 
form desired, it is only necessary to set the right con- 
ditions and nature does the rest. 

What is difficult in these processes is the speed with 
which things happen. Pressures and temperatures are 
sensitive things, and so are rates of chemical reaction. 
To carry out many of the modern chemical or petro- 
chemical processes requires a degree of precise control 
which cannot be achieved manually. It is not in general 
a case of making the labour that is employed on a 
process more productive; more often it would just not 
be possible to carry out the process at ail without 
automatic control. (This helps to explain why the 
British chemical industry now has a productivity 50% 
greater than what it was in 1948, though it employs 
16% more men.) 

The present state of opinion and knowledge in this 
field was discussed in October at a joint meeting of the 
Society of Instrument Technology and the Institution of 
Chemical Engineers. Besides dealing with a number of 
practical applications, the meeting went off into the 
more difficult field of predicting and analysing the way 
in which variations occur in a process. It was, however, 
possible to see the kind of problem which crops up 
when an attempt is made to bring a process under 
automatic control. 

First, it is necessary to know what you want to con- 
trol. Usually this is the quality of a product, say the 
octane number of a petrol, but so far the analytical 
instruments do not exist which can act rapidly and 
accurately enough to give the required information. 
Some other thing is picked on, a simple variable such 
as temperature which might, in a distillation column, 
serve as an index of product quality. If this variable is 
chosen, it must be measured and the information trans- 
mitted without distortion or delay to the unit which 
has to decide what to do next, that is the automatic con- 
troller. In the case of a temperature signal, a fall in 
temperature might indicate to the automatic control the 
need to put more heat in; by opening a steam-valve 
for example. There are two simple ways of arranging 
this. The control instrument might be able to pick out 
if the temperature signalled was above or below the 
point desired and no more. A tilting mercury switch or 
bimetallic spring with electrical contact is an example of 
a mechanism which can move the steam-valve so that if 
the signal says “temperature too high” the valve shuts, 
and vice versa. 

In general this kind of arrangement is found to give 
a poor sort of control. The temperature shoots up and 
down either side of the required point, and a recording 
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thermometer would at best trace out some sort of sine- 
wave. A better way of using the temperature signal is 
to measure how far away it has drifted from the 
required point and to move the steam-valve propor- 
tionately. This is a great improvement because the 
response is really adjusted to the magnitude of the 
demand. It has a disadvantage. While everything is 
more or less steady, the temperature indicator on such 
a controller will follow a nice straight line. A change 
in the load, say more cold material coming into the 
system which requires more steam, will have the effect 
of dropping the indicator away from the control point. 
There may still be a straight line but not in the position 
anybody wants it. 

To follow the theory which is used to make the in- 
dicator come back is a little difficult and requires an 
extended article to deal with it. But a simple analogy 
can be found in the way we use our limbs. If our brain 
signals to our arm to stretch out and pick up a book, 
in essence two things happen. One set of muscles starts 
the arm travelling towards the book; another puts the 
brake on before the hand crashes into it. Control 


theory is largely concerned with finding the way to start 
a movement rapidly in the right direction and bringing 
the brake on progressively at the same time. 

The engineer in industry does not need to know the 
mathematics which the instrument designer uses. He 
does, however, have to appreciate that the instrument 
has problems which can be lightened if the engineer 
starts off by trying to understand them. The conference 
which represented these two sides brought together 
seven hundred people who were prepared to make a 
Start and try to reach a mutual understanding. This is 
bound to be a slow business, which can only be effective 
if the engineers see any point in it. It may well be that 
the engineers who have any idea of using automatic 
controllers would be best employed in spreading their 
use among the users of industrial processes which are 
carried out without much scientific help. It would be 
an ideal job for the development sections of research 
associations, provided that the work was directed to 
informing industry of the possibilities. It would be the 
proper work of the instrument makers to get in and sell 
once the advertisement had been done. 


GLOBAL THERMONUCLEAR EXPLOSIONS 
ARE IMPOSSIBLE 


PROF. M. H. L. PRYCE, F.R.S. 


Wills Professor of Physics, University of Br isto/ 


In his presidential address to the British Association, 
Sir Robert Robinson at Bristol raised an important 
question*. He brought into the open the quite common 
fear that a hydrogen bomb explosion might set off a 
thermonuclear reaction in the earth’s crust, or in the 
oceans, which would completely destroy the earth. It is 
not sufficient, however, to contradict this view by stating 
dogmatically that the danger is non-existent, but giving 
no detailed reasons to support the statement. Many 
matters concerned with hydrogen bombs are still very 
secret, and official reticence on this topic is under- 
standable. But so long as the facts are not openly 
stated, the public has every reason to feel uneasy. 

Sir Robert said, “Do we really know enough about 
nuclear reactions to be sure that there is no loophole? 
Has every conceivable case been considered? The 
physicists appear to be cocksure that this is so. But just 
as it is necessary that ‘justice shall be seen to have been 
done’, I submit that it is desirable that the inner circle 
of advisers to governments should not only be right 
but ‘be seen to be right’. This can only be secured by a 
relaxation of secrecy on the scientific aspects of nuclear 
energy developments and by some form of international 
consultation before novel and greatly increased releases 
of energy are attempted.” 

While agreeing with Sir Robert that there should be 
all possible relaxation of secrecy on the scientific aspects 


* Sir Robert’s address was published in full in the Septem- 
ber 1955 issue of DiscoveERy: the relevant passage will be 
found on p. 364 of that number. 
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of nuclear energy, my personal view is that one can 
even now discuss this particular question quite openly, 
because the relevant facts are available to everybody, 
and are not secret at all. 

The fear that bigger hydrogen bomb explosions might 
set off a world-destroying thermonuclear reaction has 
been based on the following plausible, but false, analogy. 
In the “rigged” hydrogen bomb, it is argued, an atomic 
(fission) bomb supplies the trigger-action to set a thermo- 
nuclear reaction off in a mixture of deuterium, tritium 
and lithium. The fast neutrons released in the thermo- 
nuclear reaction produce fissions in U238. Under the 
conditions obtaining in a straightforward atomic bomb 
U238 is not capable of sustaining a chain reaction. In 
the rigged hydrogen bomb, although it does not itself 
help to keep the reaction going, it does, through its 
fission by the thermonuclear neutrons, produce the bulk 
of the total energy release, and so the ultimate power to 
cause damage. Is it not possible, continues the argu- 
ment, that this more powerful trigger may in turn set off 
a thermonuclear reaction in the common materials of 
the earth’s crust, such as sea-water (which contains 


hydrogen)? 
That the sun and the stars draw their immense energy 
resources from thermonuclear reactions in which 


hydrogen is converted into heavier elements, is fairly 
widely appreciated. So, one asks, as water contains 
hydrogen, cannot its conversion into heavier elements 
be triggered off by a thermonuclear explosion? 

These questions, as I hope to show, are based on a 
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confusion over the natures of the thermonuclear reac- 
tions of the hydrogen bomb and of the stars. They are 
really very different reactions, and if we once appreciate 
their salient features we shall see that a nuclear bang, 
no matter how big, cannot trigger off a catastrophic 
chain reaction capable of destroying the earth. 

There are three essential points to grasp. 

First, the thermonuclear reactions which go on inside 
stars need very high pressures and temperatures to 
maintain them, and even under the most favourable 
conditions they are very slow reactions, releasing their 
energy over aeons of time. 

Second, the thermonuclear reactions of the hydrogen 
bomb work only because it is constructed of most care- 
fully and favourably selected materials. Of these, 
tritium is not found naturally on the earth except in 
trace amounts, and has to be manufactured in special 
nuclear reactors. Deuterium, too, is present in natural 
hydrogen in only a small proportion, and has to be con- 
centrated by elaborate industrial processes. 

Third, however powerful a triggering mechanism may 
be, it cannot set off an explosion in a medium incapable 
of maintaining a self-sustaining reaction. On earth, or 
in the ocean rather, although the hydrogen is available, 
there is not the pressure to keep it sufficiently hot long 
enough to react. 

The great difference between the earth and a star is 
in its gravitational pull. By virtue of their enormous 
mass the stars maintain such a colossal pressure at their 
centre that the hot hydrogen is contained, and does not 
blow the star to pieces. On earth, however, even at the 
centre of the earth, where it is greatest, the pressure is 
nowhere big enough to hold matter heated to the high 
temperature needed for a thermonuclear reaction. 

Before discussing the various nuclear reactions which 
are important in this context, we need to be clear about 
the absolute necessity of high temperatures for the 
operation of thermonuclear reactions. And when we 
speak of high temperatures we mean really high tem- 
peratures—10,000,000° and higher. The reason is that 
the atomic nuclei must come close together in order to 
react. But they are electrically charged, and so repel 
each other. The only way in which they can come close 
enough together is to approach each other with a high 
relative speed, and so overcome the repulsion. This is 
the crucial point. They can do this if the material is 
hot, for then the elementary parts of the atoms (nuclei 
and electrons) are all the time in rapid motion. 

Another way of providing the necessary high speed 
of approach is for a nuclear projectile to be shot out of 
a nuclear reaction, or out of an accelerating machine 
(e.g. a cyclotron). But unless the material is very hot, 
the chance of such a projectile coming close enough to 
cause a nuclear reaction is minute because collisions 
with electrons slow it down. We shall return to this 
question of the necessity of high temperature to provide 
the right conditions for the close approach of nuclei 
when we ask ourselves if we have left any loopholes in 
the argument. 

Reactions between neutrons and a nucleus are an 
exception. The neutron is electrically neutral, and is not 
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repelled. Neutrons, however, do not occur free in 
matter, and our argument will be unaffected unless there 
is a self-maintaining reaction producing neutrons (as in 
the fission bomb). 

In passing, it should be noted that at the high tem- 
peratures we are talking about, the atoms of matter are 
broken down into their constituent parts. We may think 
of such hot matter as a gas made up of freely moving 
electrons and nuclei. 

We must now consider the nuclear reactions which 
can release energy. Briefly stated, almost any pair of 
light nuclei will coalesce, and release energy, provided 
they can be induced to come close enough together. 
This is what is meant by “nuclear fusion”, which is the 
reverse of fission. “Light nucleus”, in this context, 
means a nucleus of an element not higher in the 
Periodic System than nickel (atomic number 28). Light 
nuclei give off energy on fusion, whereas heavy nuclei 
release energy on fission. 

The largest energy yield is achieved in the fusion of 
the very lightest nuclei—those of the three isotopes of 
hydrogen, namely ordinary hydrogen, “heavy” hydrogen 
or deuterium, and the heaviest hydrogen or tritium. 

The quantity of energy released in a nuclear reaction 
can easily be estimated from known data, even where 
it has not been directly measured, so there is no uncer- 
tainty on this score. We can thus calculate the maxi- 
mum energy which could be released in any particular 
material if all the nuclei fused to form the most 
favourable end products. From this calculation we can 
make a further step, and calculate the maximum tem- 
perature to which the material could be raised by 
thermonuclear reactions in the most favourable circum- 
stances. When we do this we find that, unless the 
material is mainly composed of deuterium and tritium, 
the temperature is not high enough to enable the nuclear 
reactions to proceed except at geologically slow rates. 
This implies that no self-sustaining thermonuclear reac- 
tion is possible under terrestrial conditions. For, how- 
ever hot the material may be made initially by the 
triggering bomb, the ultimate reaction cannot be fast 
enough to take place before the local region around the 
bomb has vaporised and dispersed. 

We can put the principles of the calculation quite 
simply as follows. From Known atomic masses we can 
set an upper limit to the energy obtainable from fusion. 
(For given mass, it cannot exceed the energy liberated 
in the fusion of the same mass of hydrogen into, say, 
calcium.) Using this figure, and the density of the 
material, we calculate an upper limit to the energy per 
unit volume, and hence to the temperature. It may seem 
Surprising that we can set a theoretical limit to the tem- 
perature without having to refer to the composition of 
the material. At these temperatures, however, most of 
the heat energy is in electromagnetic radiation, and we 
shall therefore not be seriously wrong in our estimate if 
we Say that all the energy goes into radiation. Further- 
more, such an estimate of temperature will be an over- 
estimate. The result of this calculation is 200,000,000°C. 

Even at this extremely high-seeming temperature only 
nuclei of hydrogen can come close enough together to 











a 





be within r 
this only v 
have a h 
strongly; | 
close 1s ML 
at a dang 
between a 
We thu 
between p 
contributo: 
matter on 
nucleus 1s 
hydrogen ( 
that it can 
reaction. 
are sO min 
Fortunal 
hydrogen | 
hand of nt 


meaning tl 
a positron 
reaction in 
to wait. I 
radiated fr 
fusion rea 
the centra 
expectatior 
it is becau 
composed 
of millions 
And, althe 
an upper | 
the reactio 
still exceec 
contributin 

The reac 


is an exar 
once the t 
takes place 
even at 20 
reaction vi 

In the li 
artificially 
reaction (1 
been detect 

There al 
the heaviel 
bomb, nam 


and 


In the fe 


free in 
ss there 
iS (as in 


gh tem- 
itter are 
iy think 
moving 


s which 
pair of 
rovided 
»gether. 
h is the 
-ontext, 
in the 
Light 

’ nuclei 


sion of 
pes of 
drogen 
m. 
eaction 
where 
uncer- 
maxi- 
‘ticular 
most 
we can 
n tem- 
ed by 
ircum- 
ss the 
ritium, 
uclear 
rates. 
* reac- 
_how- 
yy the 
e fast 
id the 


quite 
e can 
usion. 
rated 
» say, 
f the 
y per 
seem 
tem- 
on of 
st of 
d we 
ate if 
‘ther- 
Over- 
O°C, 
only 
er to 




















DECEMBER 1955 DISCOVERY 


be within reacting distance, and even hydrogen nuclei do 
this only with difficulty. All other nuclei, because they 
have a higher electrical charge, are repelled more 
strongly; the probability of their coming sufficiently 
close is much too small to give a thermonuclear reaction 
at a dangerous rate. (This is also true for collisions 
between a hydrogen nucleus and other nuclei.) 

We thus see that all except the fusion reactions 
between pairs of hydrogen nuclei can be ignored as 
contributors to a thermonuclear reaction. In terrestrial 
matter only ordinary, or light, hydrogen (H!, whose 
nucleus is the proton) need be of concern to us. Heavy 
hydrogen (deuterium) is present in such small quantities 
that it cannot contribute effectively to a thermonuclear 
reaction. The quantities of natural tritium on the earth 
are so minute that they can be ignored. 

Fortunately for our safety, the fusion of ordinary 
hydrogen is an essentially slow reaction. In the short- 
hand of nuclear chemistry it is denoted by the equation: 


(1) 


meaning that two protons combine to form a deuteron, 
a positron and a neutrino. This is a very important 
reaction inside the stars, where there is plenty of time 
to wait. It is estimated that about half of the energy 
radiated from the sun originates from this elementary 
fusion reaction. Even so, an individual proton inside 
the central thermo-reacting core of the sun has an 
expectation of life of many thousands of years. Indeed, 
it is because the fusion of hydrogen is slow that stars 
composed mainly of hydrogen can persist for thousands 
of millions of years without burning up their hydrogen. 
And, although the temperature we have calculated as 
an upper limit is a good deal higher than in the stars, 
the reaction rate under these hypothetical conditions is 
still exceedingly slow, and there is no possibility of its 
contributing to a fast terrestrial explosion. 
The reaction between hydrogen and oxygen nuclei, 


(2) 


is an example of a “fast” reaction in the sense that, 
once the two nuclei come close together the reaction 
takes place with high probability. On the other hand, 
even at 200,000,000~ they come close so rarely that the 
reaction virtually does not take place at all. 

In the laboratory, reaction (2) can be observed with 
artificially accelerated protons. The hydrogen fusion 
reaction (1) is so “slow”, however, that it has never 
been detected in the laboratory. 

There are two reactions between hydrogen nuclei of 
the heavier type, which are important in the hydrogen 
bomb, namely 
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and H? + H? > Hes + nj (4) 
In the former (the so-called D-D reaction) two 
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deuterons combine, to give either a proton and a triton, 
or else a neutron and a nucleus of helium 3. In the 
latter (the D-T reaction), a deuteron and a triton com- 
bine, to yield a nucleus of helium 4 (an alpha-particle) 
and a neutron. These are fast reactions which proceed 
at quite low temperatures—a few tens of millions of 
degrees! 

If we take the above arguments at their face value, 
we seem to have shown conclusively that thermonuclear 
explosions are impossible except in materials containing 
deuterium or tritium. Before accepting this conclusion, 
however, we should look around for possible loopholes 
in the argument. One apparent loophole is in the 
assumption that the rate of reaction is controlled by 
the temperature. If we look back at the reasoning, we 
see that what is required for the nuclear reaction is that 
the nuclei should be in rapid motion. Is it not possible 
that there is some thermonuclear process in which the 
energy is concentrated on the nuclear motion, and not 
shared out with the electrons and the radiation, as it is 
in the conditions of thermal equilibrium which we have 
tacitly assumed? In that way the effective nuclear tem- 
perature could be higher than we have calculated, and 
some of the reactions we have discarded could then be 
operative. Calculations show that some concentration 
of the energy into the nuclear motions is possible for a 
very short time, but only very fast and efficient nuclear 
reactions can make use of this advantage, and here 
again only the reactions (3) and (4) come into con- 
sideration. Since these do not enter the picture when we 
are dealing with normal terrestrial materials, our earlier 
conclusion remains. 

Again we may ask, cannot reactions involving 
neutrons upset the argument, since neutrons, not being 
repelled, do not need high temperatures? The answer 
here is that neutrons themselves are only liberated as 
by-products of other nuclear reactions that are tem- 
perature-controlled, except in the very special case of a 
fission chain reaction. Fission chain reactions only 
occur under stringent conditions of purity and design, 
and they cannot take place under natural conditions. So 
here again there is no loophole in the argument. 

Without going into all the details of the argument, I 
think that the main points are quite straightforward. 
The reader can fill in for himself details and ramifica- 
tions which have not been mentioned. The workings of 
nuclear reactions are so near to the elementary pro- 
cesses of matter that it is much easier to work out their 
consequences than it is with seemingly more familiar 
processes in which atomic, rather than nuclear, properties 
are important. (The reader can find further details in 
Gamow and Critchfield, Atomic Nuclei and Nuclear 
Energy Sources, Chap. 10, Oxford University Press, 
1949.) 

The essence of the argument has been to make esti- 
mates which are consistently over-favourable to a 
thermonuclear reaction, and to show that even then a 
reaction is possible only in a very artificial kind of 
material. The factors of safety in the calculations are 
very high, so that it is not necessary to go into great 
detail to arrive at a sound conclusion. 








THE NEGATIVE PROTON 


PROF. O. R. FRISCH, F.R.S. 


Cavendish Laboratory, University of Cambridge 


In October it was announced that a team of scientists working in the University of California 

Radiation Laboratory, Berkeley, have carried out bombardment experiments using the Bevatron 

(the principles of which were described by Prof. Frisch in his article published in last month's 

Discovery) which establish the existence of the anti-proton. These experiments took a long 

time since the Bevatron beam contained only about 20 anti-protons a day. In this article 

Prof. Frisch discusses the theoretical prediction of this particle, and indicates the significance 
which may be attached to its discovery. 


Thirty years ago, all matter was thought to consist of 
protons and electrons, carrying positive and negative 
electric charges respectively. Since then the physicist’s 
world has become a great deal more complex; the latest 
addition to the various mesons and hyperons found in 
the cosmic radiation or near high-energy accelerators 1s 
the negatively charged proton or anti-proton whose 
discovery was announced by the University of California 
and the Atomic Energy Commission in October. 

The story of the anti-proton may be said to have 
started in 1928 when Dirac proposed his celebrated 
theory of the electron. He modified Schrodinger’s wave 
equation so as to make it agree with Einstein's theory 
of relativity: surprisingly, the new equation also gave 
the spin and magnetic properties of the electron, pre- 
viously deduced empirically from the properties of 
optical line spectra. In that respect Dirac’s theory was 
an immediate and spectacular success. 

However, it also predicted the existence of electrons 
possessing negative energy. Such electrons would have 
negative mass: a force acting on them would cause 
them to move in the opposite direction, a behaviour 
which suggested the nickname “donkey electrons’. Such 
particles had certainly never been observed and their 
existence would lead to all sorts of embarrassing 
paradoxes. Nor could one simply postulate that such 
particles did not exist: ordinary electrons might, by a 
quantum jump, fall into a negative energy state and 
become “donkey electrons’, and it was calculated that 
the likelinood of such an event would not be negligible. 

It was Dirac again who eventually proposed a way 
out. He suggested that all these negative-energy states 
were normally occupied by electrons; because of Pauli’s 
exclusion principle no further electrons could occupy 
the same states, and hence ordinary electrons were 
prevented from becoming “donkey electrons’. What we 
call empty space had to be considered as an infinite 
multitude of electrons occupying every conceivable 
negative-energy State: yet their total electromagnetic and 
gravitational effects were zero. This continuum of 
negative energy states came to be called the “Dirac sea”. 

But a sea has bubbles, and Dirac realised that a 
bubble, or a hole, in his sea would behave like the 
opposite of a donkey electron: like a particle with 
positive mass and positive charge. Furthermore, an 
ordinary electron might fall into such a hole and dis- 
appear with the emission of radiation, a process called 
annihilation. 

Dirac thought at first that these holes should be iden- 
tified with the only known positively charged particles, 
the protons: but the calculated annihilation rate was 
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much too high for the known stability of hydrogen 
where protons and electrons exist together indefinitely. 
Also the fact that a proton is over 1800 times heavier 
than the electron made that interpretation unlikely. 

The discovery in 1932 of the positive electron, or 
positron, resolved the difficulty. Here was Dirac’s hole, 
with the mass of an electron but a positive charge; the 
annihilation process was soon observed and found to 
occur at the calculated rate and in the calculated 
manner. With that discovery, Dirac’s electron theory 
was fully vindicated; it has since held its ground, and 
indeed it has accounted correctly for the much more 
accurate measurements which later refinements in 
spectroscopic technique made possible. 

Positrons were first found in the cosmic radiation but 
soon produced in the laboratory by the “materialisation” 
of gamma rays passing through matter. The process is 
just a reversal of the annihilation process: a certain 
amount of radiation energy disappears, and instead 
there appears simultaneously an electron and a positron. 
This “pair production” can be described as lifting an 
electron out of the Dirac sea, thereby creating a hole, 
i.e. a positron. In a Wilson cloud chamber the two 
tracks, curved in opposite directions by a magnetic 
field, can be seen to start from some point in the gas 
when gamma rays are passed through the chamber. The 
energy required to produce such a pair is just twice the 
rest energy (mc-) of a single electron, that is 1-02 MeV, 
an energy easily available from radioactive sources. 

Now what about the proton? It does not obey Dirac’s 
equation, having a magnetism about three times that 
calculated by Dirac’s formula. However, it was also 
realised that the existence of “anti-particles”, possessing 
the same mass but opposite charge, followed from 
assumptions much less specialised than Dirac’s; indeed, 
the theoreticians thought it almost impossible to formu- 
late a theory of the proton which would not involve the 
potential existence of anti-protons. 

But protons are 1836 times heavier than electrons, 
and hence an energy of over 1800 MeV (1:8 GeV) 
would be needed to create a proton pair (i.e. a proton 
and an anti-proton). Only in the cosmic radiation could 
quanta of such energy be found, and indeed for a short 
time in 1935 it was thought that the numerous negative 
particles much heavier than electrons were anti-protons. 
However those particles were soon recognised as mesons 
with a mass only about a ninth that of a proton. Since 
then no negative protons have been found in the cosmic 
radiation, and as a result doubts arose whether they 
existed at all. 


Recently Dr. B. D. Hyams in Manchester tried to 
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estimate how many anti-protons ought to have been 
observed in cosmic radiation if they had the properties 
which the theoreticians attributed to them. He found 
that this number was quite small, and that indeed it 
would not be surprising if they had escaped us altogether. 
Dr. Hyams also started a search of his own, using 
methods specifically designed to catch anti-protons; but 
in the limited time he had he could not be sure of 
success, and indeed his search for this particle did not 
prove successful. In the meantime three observations of 
anti-protons were reported (two from the U.S.A. and 
one from Italy), but this evidence was not considered 
conclusive. 

When the Bevatron, the great proton accelerator of 
the University of California at Berkeley, started to 
produce protons of 6:2 BeV, this gave hope of creating 
anti-protons artificially. Actually when such a fast 
proton strikes a proton or neutron in a nucleus the 
struck particle is sent flying; about two-thirds of the 
energy remains “locked up” in the motion of the centre 
of mass and only one-third is available for the creation 
of new particles. Consequently, the threshold energy is 
about 5-6 BeV, and it was doubtful whether anti-protons 
would be observed so close to the threshold. Further- 
more, the machine creates a great many other particles, 
both mesons (several times lighter than protons) and 
hyperons (somewhat heavier); hence a highly selective 
detector had to be constructed to identify negative 
protons for sure. 

How that was done can only be guessed at present. 
It is stated that the fast protons generated by the 
Bevatron were made to strike a copper target, pre- 
sumably right inside the vacuum where the protons are 
accelerated. Negative protons would be expected to 
leave the target travelling mostly in the same direction 
as the primary protons; but being negative they would 
be deflected outwards (rather than inwards) by the 
magnetic field and would emerge through the wall of 
the “doughnut”. It is stated that they were then made 
to pass through a “‘maze’’, presumably a series of slits 
placed in a magnetic field in such a way that only 
negatively charged particles with a certain momentum 
could get through. However, all sorts of other particles 
(mesons, hyperons) of the same momentum might be 
expected. One way of distinguishing those particles is 
to study the tracks they form in a photographic emul- 
sion; but instead it appears that counters were used, 
probably recording the light emitted (by the Cerenkow 
effect) when fast charged particles pass through any 
transparent material. That effect is quite sensitive to 
the speed of the particles and could be used to pick out 
particles of protonic mass. lhe precise way it was done 
will undoubtedly be published within the next few 
weeks. The team of physicists who did this work 
consisted of Drs. Segré, Chamberlain, Wiegand and 
Ypsilantis, assisted by two Bevatron experts, Dr. E. J. 
Lofgren and H. Steiner. 

The immediate importance of the discovery is that it 
allows the theoreticians to dismiss the worry of having 
to construct a theory without anti-protons; they can now 
concentrate with full confidence on what they have long 


499 


l* 


: at - s ’ 
ei, =: —-— 
a 4 . 
+ ‘** 
> “ 
: 


X 





Three members of the team who discovered the 
anti-proton: (/eft to right) Dr. Emilio Segre, Dr. C. 
Wiegand and Dr. Owen Chamberlain. The passage of 
an anti-proton through the apparatus shows up on the 
oscilloscope (lower left) in the control room of 
the Bevatron. Identification of the new particle de- 
pended on precise measurement of its “time of flight” 
over a measured distance; additional identifica- 
tion was provided by Cerenkow counters. A contin- 
uous film record of events registering on _ the 
oscilloscope is obtained by the camera (right centre). 


regarded as the correct approach. Further experiments 
will soon give us more information about the properties 
of anti-protons: how many are generated under given 
conditions, their distribution in direction and energy, 
the rate at which they interact with matter and the way 
they annihilate. It is thought that when a proton and an 
anti-proton combine they do not form electromagnetic 
radiation (as in the annihilation of an electron and a 
positron) but a number of mesons, and their detailed 
behaviour in that respect will give the theoreticians 
important clues. 

Now that complete symmetry is restored, in that both 
protons and electrons can exist with either positive or 
negative electric charge, we may ask why all our 
common protons are positive and all our electrons nega- 
tive. The usual answer is that the universe just happens 
to be like that. But it has also been suggested that this 
may be merely a local condition existing in our solar 
system and presumably our galaxy, whereas other 
galaxies may exist which consist of “inverse matter” 
made up from negative protons and positive electrons. 
There would be no way of telling from astrophysical 
evidence, but any matter from such an inverse galaxy 
would annihilate with our kind of matter with explosive 
violence. Meteorites never do that, but they probably 
come from inside our solar system. Cosmic radiation, 
as we have seen, contains many positive and practically 
no negafive protons; but it probably originates within 
our own galaxy. Most cosmological theories assume 
that the universe contains the same kind of matter 
everywhere, but the question is not definitely settled. 








THE PHYSICS OF EXTREME CONDITIONS—I1I 
HIGH PRESSURES AND HIGH DENSITIES 


PROF. G. O. JONES, M.A., B.Sc., Ph.D. 


In the previous two articles* about the behaviour 
of matter under extreme conditions, we considered the 
effects of high and low temperatures, and in this article 
we consider the effects of very high pressures. Does this 
complete our survey of the properties of matter or are 
there other kinds of “extreme conditions” which should 
be considered? At any rate, there is obviously little of 
interest to be said about /ow pressures. In spite of the 
increasing importance in science and industry of being 
able to lower the pressure by means of vacuum pumps, 
the ultimate effect of evacuation is that there is nothing 
left to study, unless the temperature is also very low. 
The properties of matter under such conditions have 
already been discussed in my second article. (As a 
matter of fact, the degree of vacuum in the neighbour- 
hood of a solid at the lowest temperatures so far 
attained is much better than that of inter-stellar space.) 
The only other forces which we might wish to con- 
sider would be magnetic and electric forces. Their most 
dramatic effects upon matter are those which give rise 
to the acceleration of sub-atomic particles to enormous 
energies, which were briefly considered in the first 
article. It does therefore appear reasonable to close 
this survey by discussing high pressures or high densi- 
ties. Once again we find that the most important prob- 
lems of high-pressure physics are really astrophysical 
ones. Let us start, however, by seeing what has been 
discovered in the ordinary terrestrial laboratory. 


GENERATION OF HIGH PRESSURES 


More than almost any other branch of physics, high- 
pressure physics has been mainly the work of one man. 
When P. W. Bridgman at Harvard University decided, 
about fifty years ago, to enter this field he did so partly 
because he consciously preferred to be a “lone wolf”, 
and very few other scientists were at work in the field. 
He has worked almost on his own ever since, extending 
the range of pressures and studying the properties of 
matter under ever-increasing compression. His achieve- 
ments have been recognised by the award of a Nobel 
Prize (1946). 

The basic method for producing high pressure is to 
force a piston into a cylinder, as illustrated in Fig. 1. 
For simplicity in this diagram the force is shown applied 
by a weight, although in practice a hydraulic press 
might be used. By adding more and more weight the 
pressure upon the specimen can be increased to a value 
which is limited only by the strength of the materials 
forming the piston and cylinder, or by the tendency of 
the contents of the cylinder to extrude, or leak. 

One of Bridgman’s most powerful developments was 
a method by which this latter limitation could be over- 
come. This employs the principle of the “unsupported 


* Published in the July and November issues of DISCOVERY. 
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area, as he called it, and is illustrated in Fig. 2. In this 
device the head A of the piston P incorporates a soft 
washer which is maintained automatically at a pressure 
higher than that in the cylinder. A leak past the washer 
is then impossible. It will be seen from this diagram 
that the force exerted upon the piston from outside is 
transmitted to the head of the piston through a washer 
which is pierced with a central hole. Its cross-sectional 
area is therefore less than that of the head of the piston. 
Since the force transmitted is the same throughout, this 
ensures that the pressure in the washer is greater than 
that acting against the head of the piston. 

By using this principle, Bridgman was able to contain 
specimens up to those pressures, of the order of tens of 
thousands of atmospheres, at which failure of the 
materials of the piston and cylinder became the limiting 
factor. Of course, the difficulty of making measurements 
at such pressures is very great indeed; for example, if 
One wishes to make electrical measurements, electrical 
leads have to be connected out of the apparatus without 
introducing leaks. However, a great deal of information 
about matter can be gained simply by knowing its 
volume, and this has proved one of the most fruitful 
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FIG. 1. The basic method for generating high pressures. 
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FIG. 2. An illustration of the principle of the unsupported 
area. The method of packing the moving piston. 


approaches in Bridgman’s work, as we see later. The 
existence of a phase-transition, say from liquid to solid, 
or from one crystalline form of a solid to another, is 
shown up clearly in such experiments as a sharp change 
of volume (indicated by a movement of the piston), 
even though it might be a much more difficult matter 
to find out anything about the new crystalline forms. 

The natural limit to high-pressure experiments in the 
laboratory must inevitably be set ultimately by the 
failure of any laboratory material to contain the experi- 
ment or to transmit the pressure. However, Bridgman 
was able to extend the range of his experiments to 
pressures greater than the normal yield-strengths of the 
strongest materials by making use of some further 
devices. He found, for example, that if a pressure 
vessel was enclosed by another one the pressure which 
the inner vessel could withstand was increased greatly, 
actually by an amount greater than that to which its 
Outer wall was exposed. One method of applying this 
principle is illustrated in Fig. 3. Here A is the inner 
vessel and B the outer vessel. In this apparatus the 
“external support” to vessel A is automatically increased 
as it is required, because the force applied to the whole 
system forces A farther into B. 

With this apparatus, in which the then new alloy 
“Carboloy” (tungsten carbide cemented with cobalt) was 
used for the compression vessel, Bridgman carried out 
experiments up to about 50,000 atmospheres. He has 
also used more complicated systems with more than 
One stage of external support. By the use of liquid at 
30,000 atmospheres to provide external support to a 
Carboloy vessel he was able to carry out experiments 
on volume changes up to 100,000 atmospheres. Bridg- 
man’s persistent progress is illustrated very well by 
noting that between the publication of the first and 
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second editions of his book The Physics of High 
Pressure, which appeared in 1931 and 1949 respectively, 
he had increased five-fold the useful range of pressures 
in his experiments. 

Of course, the large forces (of perhaps 100 tons) 
which have to be applied to the pistons in such experi- 
ments require the use of rather heavy equipment and 
we can see from Figs. 4 and 5 how such apparatus has 
changed, at least in size if not essentially in kind, 
between Bridgman’s earlier experiments and one of the 
most advanced experiments in this field, which resulted 
in the production of diamonds artificially. 

Finally, Bridgman has been able to apply still higher 
pressures to very small specimens in another way. The 
idea can be explained very simply by imagining knife- 
edges pressing against each other in the “crossed” posi- 
tion. The area of contact is very small and the part of 
each knife-edge which is stressed receives such support 
from the neighbouring material that pressures can be 
applied much higher than the normal yield strengths of 
the material of the knife-edges. In a typical application 
of this principle the area of contact might be a few 
square millimetres; a thin specimen placed between the 
compressing surfaces would at first extrude under com- 
pression but would eventually be retained by the fric- 
tional force around its circumference. By a combination 
of several of these devices Bridgman has actually con- 
ducted some experiment up to pressures of 425,000 
atmospheres. At these pressures only very tiny speci- 
mens could be used and only permanent changes in 
them could have been detected. 

Many of the techniques developed by Bridgman have 
been modified by other experimenters and sometimes 
unexpected simplifications have resulted. For example, 
it has been found that a simple rubber “bung”’ placed 
ahead of the piston behaves very much like the piston- 
head arrangement of Fig. 2 and, of course, this is very 
much simpler to use. The “self-tightening”’ principle, 
which is inherent in the method of the unsupported area, 
has also been applied in many different ways. In 
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FIG. 3. The method of automatic external support for 
increasing the pressure range. 
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general, however, most of the modern techniques in 


high-pressure physics and technology derive from 


Bridgman’s work. 


BEHAVIOUR OF MATTER AT HIGH 
PRESSURE 


In the nature of the case it is hardly to be expected 
that pressures which can be applied in the laboratory 
will cause very dramatic changes in the behaviour of 
matter, except perhaps the fracture of some part of the 
apparatus, and a great deal of work in this field has 
been concerned with mapping out in detail the changes 
in ordinary physical properties caused by pressure. 
Many of the results are so far quite undigested and 
there is a fruitful field in Bridgman’s results for a ven- 
turesome theoretical physicist. For example, Bridgman 
showed that there were several forms of ice which had not 
yet been discovered, and at least seven forms of ice are 
now known. One of the most important changes which 
can be effected by pressure is the solid-liquid transition 
with which we are familiar in ordinary melting or 
freezing. The behaviour of a typical substance in this 
respect is best explained by the familiar phase-equilibrium 
diagram of Fig. 6. Our most straightforward idea 
about the solid-liquid transition is, of course, that solids 
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FIG. 4 (/eft).. A typical early high-pressure apparatus. 


FIG. 5. The apparatus used in the preparation of 
artificial diamonds at high pressures. This 1000-ton 
press in the General Electric Research Laboratory 
at Schenectady can achieve pressures around 100,000 
atmospheres (1,600,000 pounds per square inch). 


melt when they are heated; this is illustrated by the line 
AA’, which passes from the solid “field” into the liquid 
“field” as the temperature is increased at constant 
pressure. Not quite so well known is the fact that solids 
can pass into vapour directly, if the pressure is below 
that corresponding to the triple point at which solid, 
liquid and vapour can be in equilibrium. Such behaviour 
is illustrated by the line BB’; a familiar example is the 
sublimation of solid carbon dioxide (or “dry ice’’) at 
ordinary atmospheric pressure. 

However, if the temperature is kept constant, the 
passage from solid to liquid, or vice versa, can be 
effected by varying the pressure. The line CC’ repre- 
sents the solidification of a liquid by increasing the 
pressure. This is a typical example of the kind of effect 
which has to be considered in geophysics and astro- 
physics. 

Another point of interest in this figure is the “critical 
point’. Above and to the right of this point liquid and 
vapour become indistinguishable—we usually reserve 
the term fluid for a substance in this condition. It is 
natural to wonder whether the same thing happens as 
between solid and liquid. Does the line separating the 
solid and liquid fields (the solid-liquid “equilibrium 
line’) come to an end or does it go on indefinitely? 
It is also of great importance in astrophysics and 
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geophysics to know the actual form of this line. Unfor- 
tunately, its slope is so steep that ordinary experiments 
do not tell us very much about its behaviour at high 
temperatures. In fact, Bridgman was hardly able to 
follow this curve higher than to about the temperature 
of the /iquid-vapour critical point. 

These questions have been answered by Simon and 
his collaborators, who applied in combination the tech- 
niques of low temperatures and high pressures. Using 
solid helium, in which the attractive forces between the 
atoms are very weak, it was possible to apply pressures 
which would, so to speak, appear to the helium to be 
very high pressures. The solid-liquid, or solid-fluid 
equilibrium line was then followed up to a temperature 
ten times higher than the temperature of the liquid- 
vapour critical point, as shown in Fig. 7. In further 
experiments they were able to show that the physical 
properties of the solid and fluid in equilibrium gave no 
signs of becoming more similar. It was therefore a 
reasonable presumption that the solid-fluid line must 
continue indefinitely. Thus, however high the tempera- 
ture, it is to be expected that matter will solidify if a 
sufficiently high pressure can be applied—as suggested 
by the line CC’ of Fig. 7. 

In Fig. 7 the field of the real liquid state occupies 
such a trivial area that it can hardly be represented. 
This might suggest to us that the liquid state is not 
really very important in nature, even though it may be 
quite important to us who happen to live at quite low 
pressures. However, this is hardly the correct emphasis 
to place upon the results. It is true that the liquid state, 
distinguishable from the vapour or gaseous state, is not 
very important if we adopt a comprehensive view of 
natural phenomena. However, the fluid state, covering 
liquid, gas and vapour, remains quite different from the 
solid state, and there still remain these two possible 
states of aggregation—solid and fluid—at all tempera- 
tures, or at all pressures. 

We have seen that increasing the pressure at a given 
temperature will cause a fluid to contract into a solid 
form. This illustrates the general sense of all the phase- 
transitions caused by raising the pressure: the high- 
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pressure modification of any solid will have smaller 
volume (and higher density) than the low-pressure modi- 
fication. (This is an example of a general principle in 
physics and chemistry that changes take place in such 
a sense as to try to relieve the effect of their causes.) 

An important example of such a phase-transition is 
that between graphite and diamond which are, of course, 
two forms of carbon. At ordinary pressures and tem- 
peratures graphite is the more stable form, but it was 
shown many years ago that at sufficiently high pressures 
diamond would be more stable, and if the temperature 
could be increased sufficiently to accelerate the change, 
there might be a prospect of making diamonds arti- 
ficially. As announced some months ago, this has now 
been achieved in the United States. The apparatus is 
that shown in Fig. 5 in which pressures up to about 
100,000 atmospheres were applied to graphite at nearly 
3000°C. 

It is early to say whether the synthesis of diamond 
will prove industrially important. At a very much lower 
pressure, a high-pressure process has recently achieved 
spectacular industrial success. This is the manufacture 
of polythene (polymerised ethylene), which is carried 
out under a pressure of about one thousand atmospheres 
aS a mass-production process. The development of this 
process by Imperial Chemical Industries and the war- 
time production of polythene for use in radar was one 
of the most striking scientific developments ever made 
by British industry. 

It is very unfortunate from our point of view that 
there exists a wide gap between pressures attainable 
in the laboratory and those known to exist in the centre 
of the earth, for instance, which are of the order of 
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millions of atmospheres. If only the pressures in labora- 
tory experiments could be increased in range by a factor 
of 10, we should learn a great deal about the further 
ways in which matter must change into still more com- 
pact forms in planetary and stellar bodies. However, 
there have already been very suggestive results in 
Bridgman’s experiments. For example, phosphorus can 
be converted by pressure into a black form, having 
metallic properties. And at 45,000 atmospheres caesium 
shows unusual behaviour. At 100,000 atmospheres, about 
the limit of pressure in such experiments, caesium, 
which is normally metallic, can be compressed to about 
four-tenths of its normal volume. The unexpected dis- 
covery in this case is that at 45,000 atmospheres it 
undergoes a sharp decrease in volume relatively much 
greater than any of the volume changes which had been 
ascribed to changes in crystalline form. It has been 
suggested that this might be due to a change in the elec- 
tronic structure of the outer parts of the caesium atom. 
As we shall see, quite drastic changes in atomic struc- 
ture are in fact to be expected as the pressure is increased 
further and further. 


THE INTERIOR OF THE EARTH 


From this point we can only make use of the some- 
what indirect evidence of geophysics and astrophysics, 
and the results of theoretical calculations on the effects 
of very high pressures upon matter. In both geophysics 
and astrophysics the range covered by current opinions 
is astonishingly wide. Indeed, they might be used as 
examples of the way in which even scientists have to 
try to reach conclusions with inadequate evidence—a 
skill which is often thought to be the prerogative of 
students of the humanities. 

Certain statements can, however, be made without 
qualification. For instance, the pressure at the centre of 
the earth must be about 3-5 million atmospheres. This 
follows simply from a knowledge of the weight of 
material in the earth. Such pressures are so much 
higher than the yield-strengths of any material that 
they must be transmitted more or less hydrostatically 
throughout the earth. Further, there is a dense core to 
the earth at a depth of about 3000 kilometres below the 
surface. (The average density of the whole earth is 
about twice the average surface density.) The pressure 
at this depth must be about 1-5 million atmospheres. It 
is thought by many geophysicists that the core is essen- 
tially fluid in nature, because apparently it does not 
transmit transverse vibrations. (Recent seismology has 
indicated that the core is not homogeneous and that 
there exists another distinct layer at a depth of about 
5000 kilometres.) 

The outstanding question concerns the composition 
of the core. It has usually been assumed that this is of 
iron (which forms about 30% of the earth’s matter at 
the surface) or nickel-iron, which has separated through 
gravity at an early stage of the earth’s evolution. A 
quite different opinion is that the core is made of 
metallic hydrogen. ‘It has been shown by calculation 
that hydrogen must become metallic at about 800,000 
atmospheres. Since hydrogen is the simplest atom, the 
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validity of this calculation can hardly be doubted, and 
if the earth's composition had been about the same as 
that of solar material, it would of course contain a very 
high concentration of hydrogen. The argument in this 
case thus concerns the rate of diffusion of matter during 
the earth’s evolution. Another suggestion is that the 
earth's core consists of a high-pressure form of olivine 
(a magnesium silicate). In this case the new form of 
olivine is thought not to be merely different in crystal- 
line arrangement, but to have a partially broken-down 
electronic structure. 

With such a wide range of guesses it is hardly 
profitable for the amateur to speculate. Assuming for 
the sake of argument that the core is made of iron, then 
it would be consistent with many of the results of 
seismology if the iron were molten and the material 
Outside the core consisted of crystalline or amorphous 
material. Could molten iron exist at the pressures 
known to prevail at the centre of the earth? Simon has 
recently reviewed the very sketchy evidence about the 
properties of iron at much lower pressures and _ has 
estimated that the temperature at the centre of the earth 
would have to exceed 4000° for pure iron to exist in the 
liquid state. Since current estimates of the temperature 
at the centre of the earth vary between about ordinary 
temperatures and 10,000°—the balance of opinion per- 
haps being in favour of a temperature nearer 2000°— 
this estimate is still, of course, inconclusive. 


STILL HIGHER PRESSURES 


The compacting of a non-metallic solid into metallic 
form is in One sense a partial breakdown of the elec- 
tronic structure, because the characteristic of a metal is 
that its outermost electrons have become detached from 
their parent atoms and are shared among them all. In 
metallic phosphorus, therefore, and possibly in the 
transition discovered in caesium, we have the first 
examples of breakdown of the electronic structure under 
pressure. In the presumed change of hydrogen into the 
metallic state at 800,000 atmospheres we have another 
example and, in this case, the breakdown is complete in 
One sense since a hydrogen atom has only one electron. 
All the electrons are in fact now shared between all the 
atoms. In the speculations about the constitution of 
planets and stars we encounter repeatedly the idea that 
electronic breakdown of this kind has proceeded to a 
less or greater extent. It has been estimated for instance 
that at the highest planetary pressures, probably about 
30 million atmospheres in Jupiter, only hydrogen and 
helium, the two lightest elements, would break down 
completely, but partial breakdown of water and methane 
might be possible. The reliability of such estimates 
appears to be not quite sufficient to determine whether 
the pressures existing at the centre of the earth 
would start the breakdown of heavier atoms such as 
iron. It might require a_ billion atmospheres to 
break down completely the electronic structure of the 
heaviest atoms. Even higher pressures certainly exist 
in some stars, so for the most extreme conditions to 
which matter can be subjected we must once more 
leave the earth. 
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PROGRESS IN ELECTRONICS 


A phase in Mullard research on 
multi-cavity magnetrons — essential 
components of modern radar systems. 
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WHITE DWARF STARS 

In ordinary stars the interior pressures are very high 
indeed, say, about a billion atmospheres at the centre 
of the sun. However, the sun is also at such a high 
temperature, about 20 million degrees at its centre, that 
its material must still be essentially in the gaseous state. 
The loss of electrons, which was discussed in my first 
article as “ionisation”, makes atoms so much smaller in 
diameter that even under such high pressures they 
would more or less obey the gas laws. At much lower 
temperatures, however, such pressures would cause 
matter to condense into very dense solid and this is 
essentially the assumed constitution of the white dwarf 
stars. The density of matter in a white dwarf star may 
be several million times higher than that of ordinary 
matter: a cubic inch of such matter could then weigh as 
much as twenty tons. 

The full explanation of the evolution of white dwarfs 
is still argued. It has been shown, however, that the 
matter in a white dwarf star 1s caused by pressure to 
become “degenerate” in the special sense which this 


term carries in quantum theory, namely a condensation 
into the lowest possible energy states, which we have 
already encountered in discussing low temperatures. An 
important feature of white dwarf stars is that they must 
be practically without energy sources of the kind which 
supply the radiant energy emitted by ordinary stars, 
Moreover, whereas an ordinary star can raise its tem- 
perature by contracting, a white dwarf star cannot do 
so and it must cool progressively. 

In matter of this density the atomic nuclei are still 
intact and in type they more or less represent the range 
of chemical composition of the star in its previous 
normal state. Is there a further possibility of break- 
down? Let us leave these questions, which become more 
and more speculative, with the remark that it has been 
estimated that a pressure of 10°° atmospheres would 
break down all matter into neutrons. Below a tempera- 
ture of about 10'° degrees matter would then be in an 
even more dense state. Whether any stars exist with 
cores in this state is not Known. 


Figs. 2 and 4 are reproduced from Bridgman’s The Physics of High Pressure (London, Bell, 1949). 
Fig. 5a in Prof. Jones’s previous article was reproduced by courtesy of A. D. Little, Inc. 


THE ECONOMICS OF NUCLEAR POWER 


Some new light has been cast by Lord Citrine, chair- 
man of the Central Electricity Authority, on the 
economics of Britain’s nuclear power programme. 

Speaking at a three-day conference in New York on 
the industrial use of atomic energy, Lord Citrine denied 
suggestions that have often been made since the pro- 
gramme was announced in February 1955, to the effect 
that nuclear power stations in their early stages were 
only being made to appear economic by placing a false 
and inflated price on the by-product, plutonium. 

Plutonium, of course, is both an atomic explosive and 
a concentrated nuclear fuel. It can be used to enrich 
natural uranium or it can, in its pure or highly concen- 
trated form, be used either as a fuel for fast neutron 
reactors of very small dimensions or it can provide the 
inner core of a breeder reactor that generates more 
atomic fuel than it consumes. 

It is difticult to place an economic price on plutonium 
at present. For one thing, the only buyer, in the fore- 
seeable future, is likely to be the State. The current 
value of plutonium is officially put at some thousands 
of pounds sterling per pound-weight. Several factors 
could affect this price over a period. The first would be 
a falling-off in the demand for military explosive. The 
second is that plutonium is bound to become more 
plentiful as power programmes get under way. Relevant 
in this context would be the cost of producing 
plutonium: this figure, however, is an extremely difficult 
thing to estimate. 

Lord Citrine based his argument at the New York 
conferences on calculations made by Mr. Jukes, the 
economic adviser to the United Kingdom Atomic 
Energy Authority. These show that even the early 
power stations may be expected to produce electricity 
at a figure very near to that of base-load coal-fired 
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Stations (0°6d. per unit), completely independent of 
whether a market can be found for the plutonium by- 
product. 

Assuming a very modest lifetime of only fifteen 
years, the capital and overhead costs of electricity from 
a 150-megawatt gas-cooled graphite-moderated station 
(that is a power station working on the same essential 
principles as the Calder Hall plant) are likely to be 
0-36d. per unit and the operating costs a further 0-4d., 
making a total gross of 0-76d. per unit. This, however, 
takes no account of the possibilities of re-utilising the 
irradiated fuel elements.) | 

In practice, however, old fuel elements will be re- 
processed, and after impurities have been removed, will 
be enriched with plutonium produced in the previous 
cycle and used again. It is difficult at the present stage 
to make an accurate estimate, said Lord Citrine, but. 
taking all costs into account, a reasonable guess was 
that the average cost of a unit of electricity would be 
lowered to 0-65d. 

Although the tendency will be for heat rates per unit 
in conventional stations to fall with improved thermal 
efficiencies, past experience suggests that this fall will 
be more than offset by the rise in fuel costs. The figure 
for nuclear power, where capital costs are likely to 
decrease, is therefore encouraging. It shows that we have 
not so very far to go in reducing capital costs before we 
make nuclear power generation competitive, quite 
independently of the price obtainable for plutonium. 

Moreover, these estimates apply only to the early 
power reactors to be built within the next few years. 
Within the next decade the more advanced designs for 
nuclear power units are bound to be forthcoming, and 
these may confidently be expected to lead to a further 
reduction in cost. 
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HOW INDUSTRIALISATION CAN ALTER 
SPECIES 


DR. H. B. D. KETTLEWELL, M.A., M.B., B.Chir., F.R.E.S. 


The black varieties of certain moths—“industrial melanics’ as they are called—are supplanting 

the ordinary light coloured varieties in industrial areas. This is the most striking evolutionary 

change ever witnessed in any organism, and it is being investigated at Oxford University. The 

author of this article is a Nuffield Research Fellow working on these industrial melanics in 

the Genetics Laboratory of Oxford University’s Department of Zoology, which is directed 
by Dr. E. B. Ford, F.R.S, 


All living things have had to adapt themselves to the 
changing conditions of their environment or perish, and 
fossils show us how many species failed and were even- 
tually overcome. In this century, about two dozen 
different kinds of butterflies and moths in Britain have 
either become extinct, or are on the point of extinction 
through their inability to fit themselves into the present 
pattern of life. This helps us to appreciate how rapidly 
other creatures have had to readjust themselves, and the 
speed at which natural selection is able to bring this 
about in our own changing countryside. 

Before man’s appearance, fluctuations in the environ- 
ment were nearly always of meteorological origin; with 
the exception of the recurring sun-spot cycles, these 
fluctuations occupied periods to be measured in cen- 
turies, while the Ice Ages contributed major changes 
extending over hundreds of thousands of years. The 
impact of civilisation has, however, affected large areas 
of countryside and altered the ecology of numbers 
of living species in a comparatively short time. This 
has been most marked in the British Isles since the 
Industrial Revolution; the same is true for North 
Germany, Belgium, Holland and, more recently, 
America. The replacement of forest, moor and marsh- 
land by buildings, fields and farms which went ahead in 
the 17th and 18th centuries would itself result merely 
in a retreat of those species originally inhabiting these 
areas. It is the widespread effect of factories, trains, 
household smoke and car effluents, collectively known 
as “air pollution”, which are responsible for our chang- 
ing Natural History. How real this is can be appre- 
ciated from the fact that pollution in urban areas is 
measured in tons per square mile per month. Never- 
theless, it is probably the lighter portion or “smoke” 
which is responsible for the largest effects, drifting as 
it does for great distances with the prevailing westerly 
wind. This portion of air pollution is to be measured 
in milligrams per hundred cubic metres per month. 
Foliage and trees, therefore, over most of eastern 
England, and, to a greater extent, in the industrial 
midlands, are constantly subject to pollution “fall out”. 
The direct effect on vegetation has been discussed in 
Britain and the U.S.A. by a botanist working at Man- 
chester University, J. K. A. Bleasdale, and by Prof. 
F. W. Went respectively, while Dr. Eustace Jones has 
shown that the lichens growing on trees are particularly 
sensitive to contamination—in fact, their abundance 
both in numbers of species and in total populations 
bears a direct relationship to the distance from an 
industrial area. 
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Insect life has in its turn had to meet these changes. 
Recent researches have shown that moths in particular 
have accepted the challenge in a very remarkable way. 
Of the 780 species of macrolepidoptera occurring in 
the British Isles, about seventy have been observed to be 
changing their normal wing markings and colour from 
light complicated patterns, selected for the purpose of 
concealment by day, to black or dark individuals. Up 
to the middle of the last century, Manchester’s popula- 
tion of the Peppered Moth (Biston betularia, L.) con- 
sisted entirely of white individuals, whose patterned 
wings obviously suited them for sitting on lichened 
trunks and boughs. It was in that city that the first 
all-black Peppered Moth was taken and, undoubtedly, 
adjudged at the time a rarity of great value. By 1900, 
however, the population was nearly 100% black. The 
same state of affairs was taking place over most of 
industrial Britain. J. B. S. Haldane calculated that to 
achieve this result in fifty years it would appear that the 
black had a 30% advantage over its white coloured fore- 
bears, assuming that the breeding rate yielded one new 
generation per year. Hitherto, a selective advantage of 
about 0-1°% had been considered the usual order of 
things. The evolution of “industrial melanics”, as such 
black moths are called, does in fact represent the most 
striking evolutionary change ever witnessed in any 
living animal or plant. 

In nearly all the species exhibiting “industrial 
melanism” the black form is inherited as a simple 
Mendelian factor, which is dominant to the light form. 
There is evidence, however, that the earliest black 
Peppered Moths were at first incompletely dominant; a 
proportion of the specimens taken in the latter half of 
the last century had some small white markings. These 
forms have since then been subjected to selection and 
the present-day heterozygous black Peppered Moth is 
completely black. 

Every year fresh melanics are being recorded and 
these in many cases are spreading rapidly through their 
populations, and even managing to invade territories 
where the original light-coloured moth has been absent 
for years. Thus the Rosy Minor Moth (Procus literosa, 
Haw.) in its normal pink and grey form must have 
thrived in the Shefheld area prior to industrialisation. 
No normal forms were observed for many years, but 
very recently it reappeared; today all specimens of this 
moth found in that area are black. The same state of 
affairs applies to the Clouded Brindle Moth (A pamea 
characterea, Hb.), which was found this year in a dark 
form for the first time in Shefheld. It would seem then 
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that the survival of any species within a given area is 
fortuitous; chance determines whether the black muta- 
tion takes place before the species is eliminated. Further 
evidence of this is provided by the Brindled White-spot 
(Ectropis extensaria, Hb.). This small geometriid moth 
has, in Britain, retreated before the advance of urbanisa- 
tion, but is still found outside such areas. In Germany, 
however, the melanic form (Known as cornelseni) has 
spread through the industrial areas themselves. A 
similar, if not identical, mutation has occurred in 
England in Kent and elsewhere, but well outside indus- 
trial centres and so far, perhaps because this insect is not 
a strong flier, it has failed to penetrate the London area. 

These then are the facts: within a hundred years, 
large numbers of species of moths are changing their 
populations from white to black, both in industrial 
centres and far beyond. Where will it end? What are 
the underlying laws covering this spread? Is this change 
the result of a simple colour difference, or are other 
characters involved? 

We are now able to answer some of these questions 
which inevitably arise in analysing an occurrence of 
this magnitude. In 1926, Prof. Heslop Harrison put 
forward a suggestion that certain salts of manganese 
and lead, present in air pollution, were responsible for 
inducing the black mutations. In 1928 he read his now 
well-known paper to the Royal Society, purposing to 
show that this induced melanism was inherited accord- 
ing to Mendel’s Law. The battle over the inheritance of 
acquired characters was thus started again, this time on 
the grounds of “industrial melanism”. Nevertheless, in 
the idea that the change was a case of inherited 
“acquired characters” was rejected for two reasons. 
Firstly, Heslop Harrison’s experiments were carried out 
on the larvae of Selenia bilunaria, Esp., and the melanic 
moths which he produced were shown to be recessive 
and less viable than the normals, a situation unknown in 
“industrial melanism”, as pointed out at the time by 
E. B. Ford; secondly, if induced melanism was 
responsible for the rapid spread of melanics, the muta- 
tion rate would have to be raised to a degree hitherto 
unknown in any other organism. That was the argu- 
ment of R. A. Fisher in 1933. The direct effect of 
pollution on the insect could, therefore, not be accepted 
as being the principal cause of the spread of “industrial 
melanism”. Many authors were quick to point out that 
black moths were less conspicuous in industrial areas 
than light ones, yet failure to provide evidence of 
elimination by birds or other predators left their case 
unproven. E. B. Ford, Onslow and others, were able to 
show that, apart from colour differences, the black 
mutants in some species were hardier than their original 
pale forebears, and that the genes responsible for main- 
taining the perfection of pattern necessary to match 
their complicated backgrounds were—apart from colour 
—controlling physiological character-differences; in 
respect of these differences, the original form was less 
efficient than the new mutant. A simple black colora- 
tion and physiological hardiness went together; but in 
earlier days the blackness (which has a survival value 
today) precluded the melanic form from _ spreading 
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because it would be so conspicuous. In short, it seemed 
likely that a mutant gene, as well as controlling a 
changed line of pigment chemistry, was also responsible 
for other differing reactions within the insect body. In 
cryptic insects, the survival of every individual must, 
therefore, depend on a balance between the efficiency of 
its camouflage and its physiological advantages. 

Recently we have attempted to analyse the relative 
advantages of the melanics and their light forms. We 
have also tried to assess the degree of foliage con- 
tamination in various parts of England during different 
months of the year. These investigations can be classi- 
fied under a number of headings. 

Foliage pollution survey. Monthly samples of leaves 
(six Ounces) are being collected from the same trees in 
different areas. The amount of contamination is 
measured; this includes not only air pollution, but such 
things as dust, aphid secretion and sooty moulds. Cor- 
relation is found between the amount of pollution and 
the month of the year; here one finds that rainfall 
lowers the amount of pollution present. The leaf pollu- 
tion on the majority of trees reaches its maximum in 
the autumn. 

Experiments on melanics: cryptic advantages of the 
two forms. Known numbers of the black and light 
forms of Biston betularia (each marked with a dot of 
cellulose paint on the underside) have been released 
into local populations. The first set of releases was 
made near the industrial area of Birmingham, where 
about 90° of the population is of the black form; the 
second set was made in an unpolluted wood in Dorset, 
where there are no black individuals. 

In the first experiment, carried out in the Christopher 
Cadbury Bird Reserve in 1953, 584 moths were released, 
447 black and 137 white. A proportion of these was 
subsequently recaptured by traps. Each insect was scored 
for camouflage efficiency when released on to the trunks 
and boughs, their normal resting-places. To the human 
eye, it was found that the light form appeared to be 
about five times more conspicuous than the black. A 
hundred and twenty-three black individuals were 
recaptured (27:5%), but only 18 white (13%). Further- 
more, we were able to witness both robins and hedge 
sparrows take and eat specimens we had released and 
they did this on the majority of occasions in the order 
of conspicuousness as previously scored by us. We were 
able to show that factors other than selective predation 
were unlikely to be responsible for the differential sur- 
vival value shown by our recaptures. The results (which 
are due to appear in Heredity) suggest that twice as 
many black releases survived as white in the Birming- 
ham district. This experiment was repeated again this 
year with a comparable result, and the selective preda- 
tion by birds was filmed. 

A corresponding release of marked insects was carried 
out this year in June and July at Dean End Wood, 
Dorset, an unpolluted area of England. Here we found 
that, to the human eye, the black forms appeared about 
four times more conspicuous than the white ones, which 
were most difficult to see on their lichened backgrounds. 
774 moths were released: 376 white and 398 black. We 
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FIG. 4. Monthly samples are taken to show the extent of pollution on foliage. 
The six petri dishes contain the pollution removed by washing from six 
samples of leaves collected in London on the dates indicated; the dry weight 
of each sample was six ounces. The ringed figure by each petri dish represents 


the weight of pollution in grams. 


Alongside is a one-pound jar containing pollution from 63 million feet of 
London uir: this was extracted from the air filters of the Festival Hall. 


retrapped 14-6% of the light form, but of the black only 
4:7°,. It will be noted that the degree of predation was 
much greater here than in the Birmingham experiment. 
Direct observation of our releases did in fact demon- 
strate this and Dr. Tinbergen, with infinite patience, was 
able to film five species of birds as they searched the 
tree trunks and ate our insects selectively. An overall 
figure for survival in this unpolluted and _ heavily 
lichened woodland shows that three times more white 
releases survived than black. 

Physiological differences: viability. Samples of pollu- 
tion (extracted from the air filters of London’s Festival 
Hall) have been sprayed on to food plants and has been 
fed to larvae of the Peppered Moth and other species. 
In each case broods, segregating for equal numbers of 
black and white, had to be used. Any difference in the 
survival rate between these and “control” larvae kept on 
unpolluted foliage was noted. Combined totals of many 
broods show that more black have survived than light 
ones, but so far not significantly so. 

In certain families only, however, more black have 
emerged than light, never the reverse. 

The melanics of other species have been shown to 
survive at a higher rate than the typicals because of 
their hardiness in the face of other types of adverse con- 


Tito 


LONDON ROYAL 


. HALL 





510 


ditions (e.g. starvation, cold and bad feed- 
ing), and there seems no doubt that 
“industrial melanics” are better fitted 
physiologically for survival. Nearly all 
recessive melanics, however, which occur 
in the population rarely (at about the 
normal mutation rate) nevertheless are 
weak, deformed or only partly viable, 
though they appear to be equally black. 
The presence of excess melanin per se 
cannot therefore be responsible for 
increased stamina. 

Habit differences between black and 
white forms. Broods have been raised 
from the white form of the Peppered 
Moth occasionally found in industrial 
areas. These, of course, when paired 
with heterozygous black insects will 
produce equal numbers of black and 
white individuals by the normal genetic 
mechanism. Full-grown larvae from such 
a brood were segregated into those which 
“fed up” most rapidly and _ therefore 
pupated first, and those which grew up 
slowly and pupated last. In certain 
families we found that a high proportion 
of those larvae which “fed up” rapidly 
produced the typical light Peppered 
Moth. Late larvae in the same broods— 
some of them were still feeding as late as 
October—produced a significantly high 
proportion of black moths. In view of 
the fact that there is correlation between 
the amount of pollution on leaves and the 
lateness of the year, this may mean that 
selection has encouraged the light forms 
to “feed up” more rapidly, thereby avoiding the heavier 
deposits which occur later in the year. Alternatively, it 
is possible that by feeding slower, the black forms are 
capable of getting rid of noxious materials. Regarded 
in this light, it would appear that melanism permits a 
species to extend its larval and imaginal life over a 
greater period of the year than would otherwise be 
possible. Furthermore, some seventy voluntary helpers 
(who keep records in different parts of the country) have 
provided us with evidence that in some seasons and 
places the typical light moths appear earlier in the year 
than the black ones. This again would have arisen by 
selection, as their larval progeny would find cleaner 
leaves on which to feed earlier in the year. 

Scent differences. Every newly hatched virgin female 
moth gives off a scent, which is characteristic for the 
species, with the object of attracting males. Throughout 
the experiments in the Dorset woods, where all speci- 
mens of Biston betularia are of the light form, cages 
were distributed in pairs, each containing a female, one 
black and one white. It was found that on five nights 
out of six, white males assembled to black females in 
about 80% of the cases. However, on occasional nights, 
no doubt under different meteorological conditions, the 
reverse took place. There is a possibility that the sex 
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attractant scent may be different between the black and 
white forms of the Peppered Moth. 

What conclusions can be drawn from the observations 
that have been made so far? It can be accepted that 
melanic forms of moths have occurred as occasional 
mutations for thousands of years. The release experi- 
ments suggest that whatever their physiological advan- 
tages the melanics would have, in most places, been 
eliminated rigorously in the past because of their cryptic 
disadvantage. In certain specialised environments far 
removed from industrial areas, on the other hand, both 
the normal and melanic forms survive equally well, and 
the particular species shows a balanced polymorphism. 
This is the case with the Mottled Beauty (Boarmia 
repandata, L.) in the Black Wood of Rannoch, Scotland, 
where the melanic form (nigricata), which is apparently 
identical with the form which has spread through the 
industrial areas, occupies about 5% of the population. 
Now the Black Wood of Rannoch is of great age. It 
consists of indigenous pine and birch, and there can be 
no doubt that cryptically a melanic insect is, on the 
average, at an advantage on the black bark of pines; 
possibly this is one reason why it has not been elimi- 
nated from this habitat. In fact, the presence of coni- 
fers, which cannot grow thallose lichens freely on their 
trunks and which accumulate pollution on their leaves, 
may play a considerable part in the recent spread of 
‘industrial melanism”. But its present increase is due to 
the pollution of tree trunks other than pine; these are 
denuded of lichens so leaving the moths exposed upon 
the trunk. It is possible that these black mutants, now 
multiplying their numbers throughout our countryside, 
may have in the distant past populated vast areas under 
conditions which were very different from those of 
today, but nevertheless advantageous to them. Their 
present state of dominance could thus have evolved 


during a period before the advent of the Romans, when 
England was pine-covered, or when lichens were fewer, 
or when there was less sun and more cloud. The Scottish 
melanics may, in fact, be a relict from them. Their in- 
creased viability and other physiological differences may 
be connected with that period. The black mutants have 
now spread far beyond the boundaries of industrial 
areas, but always to the east, following the pollution 
drift. Nowhere down the east coast of England have I 
found the black form of the Peppered Moth at a lower 
frequency than 50% of the population, and this probably 
bears a relation to the true degree of pollution in these 
areas. 

Within a hundred years, if pollution increases in the 
British Isles and the rate of melanic spread continues, 
99% of the population of many species of moth may be 
black. Our evidence shows that these melanics have 
different habits, scents and behaviour patterns to their 
recent forebears. Isolated as they are in Britain, it is 
possible that the status of new species may be attained 
by some of these forms much more rapidly than we 
have ever envisaged. 

(The photographs illustrating this article were taken 
by Mr. Michael Lyster.) 
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RUSSIA’S MOST FAMOUS OBSERVATORY 


D. H. SADLER, M.A., F.R.A.S. 


The Pulkovo Observatory was wrecked during the siege 
of Leningrad in 1942. The author, who is Superin- 
tendant of H.M. Nautical Almanac Office of Royal 
Greenwich Observatory, visited Pulkovo recently and 
in this article he refers to its post-war reconstruction 
and enlargement, which he describes as a remarkable 
achievement by any standards. 


In 1835, F. G. W. Struve, the director of the observatory 
in Dorpat (now Tartu in Estonia) and a scientist of high 
repute, was commanded by the Emperor Nicholas to 
superintend the erection of an astronomical observatory, 
without regard to expense, at Pulkovo near St. Peters- 
burg then the capital of Russia. This was to replace the 
existing observatory, built in 1724, which was _ un- 
suitably sited in the centre of the city. The new site 
was chosen on the line of the road which already led 
due south (actually it is nearly a degree out of true) 
from the famous landmark of the Admiralty spire in 


511 


the centre of the city. Some eleven miles south the 
road meets a range of low hills and it is on the summit 
of these that the observatory was built and now 
stands. 

The observatory which “was acknowledged to surpass 
all others of its kind in splendour, efficiency and com- 
pleteness” was inaugurated on August 19, 1839, with 
Struve as director. The main building of the observatory 
consisted of three main stone buildings, each surmounted 
by turrets and connected by wooden galleries. The 
central building housed a 15-inch refractor, then the 
largest in the world, but the instruments with which the 
observatory was to achieve outstanding distinction were 
the meridian instruments—a large transit (shown in its 
present reconditioned form in Fig. 1) and vertical circle 
by Ertel and a Repsold meridian circle and transit. 
From the first the emphasis was on the determination 
of fundamental positions of the stars; the incomparable 
series of meridian observations, made with great skill 
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FIG. 1 (top left). The original 
transit instrument by Ertel, now 
restored. 

FIG. 2 (bottom left). The rebuilt 
observatory, showing the preser- 
vation of the outlines of the old 
buildings; above from the North, 
below from the South. 

FIG. 3 (top right). The Maksutov 
meniscus telescope of 50 cm. 
aperture. 

FIG. 4 (bottom right), The new 
twin stellar cameras. 
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and care, without interruption and with the same instru- 
ments, are of inestimable value to astronomy. Right 
ascension and declination (the two positional co- 
ordinates of a star) were determined by separate instru- 
ments, instead of simultaneously on the meridian circle 
as at most other observatories; and this traditional 
procedure is still continued. 

For over 100 years the observatory flourished, 
acquiring new instruments and widening its field of 
work to include solar and astrophysical research. In 
spite of many changes in organisation after the revolu- 
tion, Pulkovo Observatory maintained its high standing 
and its traditional work on fundamental astronomy was 
continued and expanded. 

During the siege of Leningrad in 1942 the obser- 
vatory was in the direct line of fire and its site, com- 
manding the plain of the city and of military importance, 
was occupied by the Germans. The buildings were 
demolished and the mountings of all the large instru- 
ments destroyed; the optical parts of the telescopes and 
the more valuable records and books (including the 
Kepler manuscripts) had been moved to safety. 

The Central Observatory of the Academy of Sciences 
of the U.S.S.R. at Pulkovo has now been rebuilt and 
re-equipped. Construction work was started in 1946 
and a zenithal telescope, used for the determination of 
the variation of latitude, was in operation in the fol- 
lowing year. By any standards it is a remarkable 
achievement to have planned, and completed, such a 
large project in such a short time; it is even more 
remarkable when the enormous reconstruction required 
in the U.S.S.R. after the war is considered. 

The main building of the observatory has been 
rebuilt to preserve exactly the same architectural out- 
lines; the well-known silhouette of the three domes 
(which replace the turrets of the original building) is 
Once again a fine landmark from Leningrad. But the 
range of buildings has been greatly increased; two large 
wings containing offices, laboratories, residences for the 
director and senior staff, and a magnificent conference 
room, panelled in marble and seating 250 in tip-up 
chairs, have been added to the main building (see 
Fig. 2). Altogether there are some twenty other groups 
of buildings and domes; these include a hotel for visit- 
ing astronomers or students, living quarters for the staff, 
as well as optical and machine shops. The grounds have 
been enlarged threefold, and there is a general air of 
spaciousness, both inside and outside. A feature of the 
new building is the repetition of the date 1839 over the 
main entrance; this is paralleled by the preservation of 
the original instruments beautifully restored to working 
condition. 

The pre-war instruments have been modernised and 
repaired, and re-erected in the new buildings. In accord 
with the traditions of Pulkovo the “fundamental” 
instruments have not been neglected. In addition to 
the older instruments and the 7-inch meridian circle, 
built in 1914, there is the interesting horizontal meridian 
instrument, in which the only moving part is a mirror 
rotating about a horizontal (E.-W.) axis. Only the pilot 
model, constructed by Sucharev about 1939, has so far 
been completed; but preliminary results are stated to be 
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good. Prior to the war Pavlov had designed a method 
for the photo-electric recording of the transit of stars 
with a meridian instrument; this method, which is being 
studied with interest in many countries, is now in 
regular use. The astrographs have also been re-erected. 

The most interesting of the new instruments is the 
500-mm. Maksutov meniscus telescope designed for use 
with a spectroscope in the ultra-violet: it appears to 
have been built entirely in the Soviet Union (see Fig. 3). 
Another remarkable instrument is the polar tube 
designed by the present director, Prof. A. A. Mikhailov. 
This telescope is permanently pointed at the pole, so 
that close circumpolar stars appear as circular arcs on 
the stationary plate; exposures are made by a rotating 
shutter in front of the object glass so that the position 
of the pole is found from a series of short arcs from 
about four or five stars. The main interest lies in the 
care with which the instrument is thermally insulated; 
observation is made through a plate-glass window and 
by remote control, so that the observer need not enter 
the building. 

The largest new instrument, a 65-cm. refractor of 
modern design is at present still under construction. 
This will replace the old 30-inch refractor (which was 
the largest in the world when installed in 1886) the 
mounting of which was destroyed. The optical parts 
are being made in Leningrad. 

Among the many special-purpose instruments are the 
twin stellar cameras (Fig. 4) and the interferometer 
designed by Linnik for observing, with extreme accuracy, 
the horizontal component of the separation of double 
stars; by observing at different hour angles the actual 
separation and distance can easily be deduced. 

In 1940 a large horizontal solar telescope was installed 
at Pulkovo for direct photography of the Sun’s surface 
on a large scale. The optical parts, made in the Soviet 
Union, were preserved and have now been incorporated 
in a new instrument with several new spectrographs. The 
excellent definition at Pulkovo during the early summer 
has permitted some magnificent direct photographs of 
the Sun, on a scale of 56 cm. to the Sun’s diameter, 
showing fine surface detail and solar granulation. 

But Pulkovo is not allowing the glamour of solar and 
astrophysical research to detract from the astrometric 
work for which, like Greenwich, it was founded; it has 
many long-term programmes in hand, including the 
preparation of a faint star catalogue of some 20,000 
stars between seventh and ninth magnitude. Such work 
does not lead to quick or spectacular results, and it is 
not always possible to make an accurate assessment of 
its accuracy (more particularly its freedom from 
systematic errors) until it is completed. Care is not 
enough; astrometric work, especially fundamental 
observations on the meridian, requires both tradition 
and experience. Pulkovo possesses both. It is a fine 
observatory, with a wide range of instruments in 
spacious grounds; it has experienced staff under a 
director who commands world-wide respect. There is 
every reason for expecting that the rebuilt Pulkovo will 
maintain the eminence and renown in the future that 
has so justly been accorded to it in the first hundred 


years of its history. 
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FIG. 2 (above). The “‘brain’’ part of the machine. 
Here the order of stimulation is recorded. Decisions 
are made in it on the course of action using the 
evidence of what happened on previous occasions 
and the information about the present situation. On 
the input side there are the photocells, with func- 
tions analogous to the sense organs; on the output 
side there is an on-off relay which controls the 
signal sent to the trolley. There are also two 
switches manually set before each trial, which 
determine the “‘motivation’’ of the machine and 
thus which goal it will attempt to reach. This 
part of the machine is entirely electro-mechanical. 
It is composed of relays and uniselectors. The 
robustness, simplicity and reliability of these are of 
great advantage especially as high speeds of opera- 
tion are not required in this type of system. The 
uniselectors are furthermore ideal for the storage 
of serial orders, the principle on which the ‘‘“memory’ 
of this machine depends. The disadvantage of this 
type of embodiment lies of course in its large weight 
and size and its relatively high power consumption. 
This means that it is hardly feasible to combine 
the moving and “thinking”’’ parts of the machine 
as is done in a biological organism. However this 
is not a limitation of principle. With miniature 
components this unification could no doubt be 
achieved. 
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FIG. 1 (below). A picture of 
the trolley showing the lamp 
which stimulates the photo- 
cells. On the trolley are 
bumpers which when touched 
cause one of the motors to 
reverse, thus causing the 
trolley to turn away from the 
obstacle. The “‘brain”’ part 
of the machine sends a 
pulse to the trolley, when the 
trolley is required to turn. 
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THE INSIGHTFUL LEARNING MACHINE 


J. A. DEUTSCH, M.A. 


Institute of Experimental Psychology, University of Oxford 


Analogies have often been drawn between the operation 
of the brain and the great electronic calculating 
machines. Such comparisons, though interesting, have, 
in the view of many, lacked complete plausibility. There 
was a feeling that these machines lacked an element of 
adaptability and originality with which human organisms 
were credited. Though these misgivings have been 
vaguely expressed and need more careful definition, they 
contain an element of importance. The ability to solve 
a new problem by utilising information acquired on 
different occasions and under diverse circumstances has 
been found even in such animals as the rat. The elas- 
ticity of this animal’s behaviour can be demonstrated, 
for instance, by its readiness to take short cuts as soon 
as they are presented in a maze which it has learnt. 
Such ability to solve fresh problems without further 
learning has led the psychologist to speak of the 
animal's previous learning as insightful.* 

The machine to be described manifests many of the 
properties which would be called insightful if observed 
in an animal. It is shown with this machine that these 
abilities are all properties or facets of a relatively simple 
system. 


THREE MAIN COMPONENTS 


The machine consists of three main parts. The first 
is a small square trolley. This has a bulb mounted on 
it in such a way that a wide cone of light is projected 
forward. There are also bumpers fixed on the front edge 
and the two sides. According to which of these bumpers 
is touched, one of the two motors driving the two wheels 
propelling the trolley is thrown into reverse. This 
causes the trolley to steer away from any obstacle with 
which it has come into contact as it moves around. One 
of the motors is similarly reversed when the trolley 
receives an external pulse; while this pulse lasts the 
trolley will turn, and when it stops both the motors turn 
in the same direction again and the trolley goes forward. 

The second part of the machine consists of a maze 
with photocells mounted at intervals on the walls. It 
would have been possible though somewhat incon- 
venient to fix the photocells on the trolley and put 
suitable signal-lights in the maze instead. To put the 
sense organs in the environment instead of on the 
animal does at first sight appear to destroy the analogy 
between the rat and the machine. However, in spite of 
its removal from the trolley the sense-organ still per- 
forms the same function: it conveys to the machine the 


* The word insightful refers to a type of behaviour which 
cannot be explained by assuming that an animal when it is 
learning simply associates or connects a given signal or 
stimulus with a certain movement or response. However. 
all the machines made with the express purpose of imitating 
learning behaviour are based on this principle. Evidence 
accumulated by experimental psychologists makes it dubious 
whether this is the principle underlying even the simpler 
forms of learning. 
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same information about its whereabouts as if it was 
mounted on the moving trolley. It does this by means 
of a separate “‘brain”’. 

The third part of the machine consists of relays and 
uniselectors and fulfils the functions of the brain. It is 
here that the information arrives and is sorted, and from 
here that orders are sent to the moving parts. It consists 
of six uniselectors and twenty-three relays. It is there- 
fore quite bulky. It could of course be made much 
smaller if we used components like transistors, and 
smaller still if it was possible to substitute nerve-cells. 
We could, with a great deal of technical virtuosity, then 
combine the trolley, the “sense-organs” and the “brain” 
in one whole in the same way as they are combined in 
an animal. 

Nevertheless when we watch the trolley in the maze 
we soon forget that its sense-organs are not on the 
trolley but in the maze. In fact even those who know 
the inverted arrangement intimately cannot help em- 
ploying conventional terminology and talking of the 
trolley “spotting a landmark”. Hence to recreate the 
illusion for the reader we shall use the phraseology 
which would be appropriate to a real animal. The en- 
vironment in which the machine shows its paces is a 
modified rat maze, a sequence of alleys only one of 
which leads to the “goal”. The arrangement is shown 
below. 









































GOAL 


On its first run the trolley is made to enter each alley 
in turn. This is done by blocking off the various sec- 
tions in turn. This is a procedure often used with rats, 
and in this case it is an expedient which saves time in 
demonstration and “storage capacity” in the machine. 
When the machine has thus traversed the whole maze 
and reached the goal which is a photocell connected to 
a particular section of the central relay system, it can 
be set again at the entrance of the maze with all the 
blocks removed and set the task of finding the goal 
again. This is simply done by turning a switch. Now 
here it will be said that this is different from an animal. 
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FIG. 3. View of the rat maze or labyrinth in which the trolley ruas. On the walls of this labyrinth can be seen the photocell 
which the lamp on the trolley stimulates as it moves through the maze. Here again it would be possible to iaaedeeane ~ 
organs on the moving trolley. However, the present arrangement is technically more convenient for three reasons. It is 
unnecessary to devise a special coding for each signal in order to keep it distinct. The difficulties of conveying the se arat ly 
coded signals from the moving trolley to the stationary “brain’’ are avoided. The trolley can be made less bulky ys “ f 
this somewhat unorthodox reversal (of stimuli on the organism and sense-organs on the environment) the total ee ste 
same. 

_ The maze portrayed is like those used in work with rats. The machine is made to learn it in two separate trials. Each half 
of the maze has a different goal in it for the machine. The goal is achieved when a certain photocell is stimulated After the 
ee has learnt the two halves separately, it can combine these two experiences and cross from one half of the goal in 
a peal do so) without error. If clearly ‘visible’ short-cuts are put in, the machine will take them without 
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An animal is spontaneous. It sets its own goals without 
external manipulation. This is true. When we require 
a rat to go to the goal box we do not press a switch. 
We have unfortunately to resort to food deprivation 
instead, which though practically less convenient can 
formally be identified with turning a switch. The goal 
having been set the trolley will now choose the correct 
way to the goal avoiding any blind alleys. 

If in the meantime we have inserted a short-cut in 
the maze through which the trolley can “see” a feature 
nearer the goal it will take this short-cut immediately 
without any further learning. 

The machine will repeat its performance time after 
time without entering a blind alley though no two runs 
as defined by the movements of the trolley are alike. 
The trolley can be picked up in the middle of a trial 
and turned right round without “getting confused”. 
Similarly it can learn to run the maze correctly even 
though on the learning trial it does not move at all 
under its own steam and is just taken round by the 
demonstrator and “shown” the maze. A machine em- 
bodying Pavlov’s conditioning principles would not have 
most of these abilities. 

After we have put the machine through its paces on 
one maze it is now possible to make it learn a second 
one containing another goal, which it can “remember”’ 
concomitantly with the first. If the second one has a 
feature or landmark in common with the first as indi- 
cated in the following diagram we can set it an 
interesting problem. 





GOAL 2 
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If we place it at the entrance of the first maze 
from which it has learnt to find its way to Goal 1 on a 
previous occasion, we can set it to go to Goal 2 in the 
other maze. It has never in fact been from Maze 1 to 
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Maze 2 before as the way was blocked. Nevertheless 
it turns into what was previously a blind alley when it 
comes to the first choice point and goes towards the 
common landmark. After reaching this it runs towards 
Goal 2 without entering a blind alley. The machine may 
thus be said to synthesise “knowledge” gained on 
separate Occasions to use it in solving a new problem. 
This type of ability is displayed by the rat in the latent 
learning situation and N. R. F. Maier’s experiments on 
reasoning. 

This kind of behaviour might perhaps be more par- 
donably called goal-seeking or purposive than that dis- 
played by machines exhibiting simple tropism or merely 
incorporating a homeostatic device. The mechanism of 
tropism was suggested by Loeb at the turn of the century 
and he is reputed to have built a cigar-box with a “nose”’ 
which would follow a light. The reader may be familiar 
with more modern imitations. The present machine 
uses a simplified version of the Loeb machine as a small 
part of its design. When the light on the trolley is 
switched on the machine goes forward if the light from 
it is falling on a selected photocell and begins to turn 
when this photocell is no longer illuminated. 

On the learning trial only the goal photocell is 
selected and before it is picked up the machine will go 
forward except when it turns because of an obstacle. 
However, as it traverses the maze the other photocells 
are triggered off. They are triggered off in a certain 
order. Some will be stimulated nearer in order to the 
“goal” cell, others farther away. This order is preserved 
by means of uniselectors which connect each photocell 
up to a particular position on a set of relays. A record 
is thus kept of the order in which the photocells were 
stimulated. 


SHORT CUTS TO THE GOAL 


When the machine is required to find the goal again, 
the set of relays to which the photocells were connected 
in order during the learning trial transmits impulses 
from the photocells to the trolley. But this set of relays 
is so arranged that if a photocell which was fixed nearer 
in order to the “goal” photocell, has been set off by the 
light, the ones farther away are temporarily discon- 
nected. They cannot pass any further message to the 
trolley which will thus always approach the photocell 
nearest to the goal. Hence the machine avoids blind 
alleys and takes short cuts. 

Where a common landmark occurs in both mazes a 
photocell is attached to two different orders or sequences 
representing the two mazes. When one goal is then 
selected, the order of photocells leading to it is also in- 
directly brought into action. The excitation which 
causes this also travels through the receptor common to 
both sequences and activates that part of the order 
which represents the landmarks leading up to that 
which is common. Thus the correct sequence of land- 
marks to be approached is already selected in whichever 
entrance of the maze the trolley is set. 








HEREDITY AND VARIATION IN 
MICRO-ORGANISMS 


G. PONTECORVO, Ph.D., F.R.S. 


Reader in Genetics, University of Glasgow 


Interest in heredity and variation is as old as human 
curiosity, but it has found expression in a science— 
genetics—only since 1900. Heredity and variation are 
two of the most general properties of living things. By 
variation we mean the fact that all individuals of the 
Same species are not exactly alike. By heredity we mean 
the processes which make the distribution of diversities 
among individuals related by descent different from that 
among individuals not so related. 

Like any other living thing, micro-organisms have 
heredity and variation. Why then had genetics, until 
about 1940, kept clear of micro-organisms? And how 
is it that the position has changed radically in the last 
fifteen years? In this article I shall attempt to answer 
these two questions, and give an outline of develop- 
ments in the genetics of micro-organisms. Some of 
these are bound to have soon a profound impact on at 
least two applied fields: pathology and industrial fer- 
mentations. 

In its first forty years of development, up to about 
1940, genetics produced certain generalisations. They 
were based on a selected area of the whole field of 
biological heredity and variation: that of the heredity of 
discontinuous variation among higher organisms with 
a sexual cycle. Let us keep these three limitations in 
mind: discontinuous variation, higher organisms, and 
sexual reproduction. 

Since about 1940 exploration has ventured mainly in 
three new directions: 

First, in the direction of continuous rather than dis- 
continuous variation; this is the field of quantitative or 
“biometrical” genetics, and it is essential to the study of 
evolution as a process. 

Second, in the direction of micro-organisms rather 
than of higher animals, including man, and higher 
plants. 

Third, in the direction of organisms without sexual 
reproduction, or of processes of heredity and variation 
outside it. I shall deal only with the last two advances. 





GENETIC ANALYSIS 


The principles of classical genetics are well known. 
Most inheritable differences between individuals stem 
from differences, qualitative or quantitative, in the 
chromosomes of their cells and from combinations of 
such differences. The chromosomes are thread-like 
nucleo-protein structures not uniform in chemical con- 
stitution in successive sections of their length: change in 
any one section, let us say, 100 to 1000 A (i.e. 10-*—107° 
centimetre) in length, along a chromosome may have a 
specific effect often recognisable on the properties of the 
cell, and ultimately of the individual. Any one of these 
sections with a specific function is called a “gene”. 
Changes—‘mutations’—in each gene occur abruptly 
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and with great rarity, say once every 10° nuclear 
divisions. However, there are in the chromosome com- 
plement of a nucleus thousands, or perhaps tens of 
thousands, or different genes each of which can mutate. 
The aggregate incidence of all mutations is therefore 
quite substantial. Mutation can be visualised as a 
change from one stable molecular structure to another 
of similar stability, i.e. during successive nuclear 
divisions the mutated chromosome is not necessarily 
more likely than the original one to mutate again—back 
to the original structure or to a new one. Mutation 
thus provides the variety of hereditary determinants, or 
genes. Sexual reproduction, with its intricate details of 
chromosome mechanics, goes further: it provides a very 
etficient way for bringing these different genes into all 
possible combinations. Variation is therefore atomistic 
—each gene of the organism varies separately from the 
others—and heredity through sexual reproduction is 
mosaic-like—each individual originates with a com- 
bination of genes unlikely to have ever occurred before 
or to occur again. 

These principles result from forty years of study 
of heredity and variation in higher plants and animals, 
including man. Their validity for most, probably all, 
higher organisms with sexual reproduction was and is 
out of the question. This, however, I repeat, is the case 
for higher animals and plants with sexual reproduction, 
and for the inheritance of properties showing discon- 
tinuous variation. 

Micro-organisms began to attract the active interest 
of geneticists only about fifteen years ago. Yet, the 
range of different kinds of micro-organisms is far wider 
than that of higher organisms. They include such vast 
groups as the bacteria, viruses, fungi, the unicellular 
algae, the protozoa, and a few others. They play such 
an essential and varied part in life on this planet, that 
it is easier to imagine it without higher animals and 
plants than without micro-organisms. In a number of 
quite direct ways they are of everyday concern for 
every one of us: they are causes of disease in man, 
domestic animals and cultivated plants; they are 
harnessed to industry for making bread, fermented 
drinks, antibiotics, tobacco and many other products; 
they are responsible for our food, because the fertility 
of the soil depends on them. 

In spite of all this, it took genetics forty years of 
development before it could tackle seriously the micro- 
organisms. There are two reasons for this. 

Genetic analysis as developed in higher organisms 
consists of classifying the different types and their pro- 
portions among the progeny, and later generations, of a 
cross. This implies, of course, sexual reproduction. The 
basic unities of classical genetics—genes, alleles, loci, 
etc.—had a meaning only in organisms with sexual 
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reproduction. Sexual reproduction, stripped of all its 
accessories, is a cyclical process involving fusion of two 
nuclei at one stage in the life of the organism resulting 
in the production of a nucleus with a double outfit of 
chromosomes, and the opposite process—called meiosis 
—a pair of nuclear divisions restoring the single outfit 
of chromosomes, at another stage. The first reason for 
the delay mentioned above was precisely that in many 
micro-organisms sexual reproduction was, and still is, 
unknown. The second reason was that even in those 
micro-organisms, like yeasts and some other fungi or 
some algae, with known sexual reproduction, in many 
cases there were no techniques for making use of it for 
deliberate breeding experiments. 

In recent years sexual reproduction has been dis- 
covered in a number of micro-organisms, and the tech- 
niques for making use of it in some have become 
available. In fact, though it is unwise to set a precise 
date, most will agree that the beginning of microbial 
genetics traces back to Winge’s demonstration of the 
possibility of carrying out deliberate crosses in yeast. 
That was 1936. 

The discovery of sexual reproduction in a number of 
micro-organisms, and the development of techniques for 
controlled crossing in some of them, have shown that in 
micro-organisms with sexual reproduction the principles 
of genetics as developed in higher organisms are valid. 
Genetic analysis of certain micro-organisms with a 
sexual cycle—e.g. yeasts, algae of the genus Chlamydo- 
monas, the protozoon Paramecium, the moulds Asper- 
gillus nidulans and Neurospora crassa—is Now as easy 
as that of mice or maize, indeed easier. 


SUBSTITUTES FOR SEX 


There is, however, something much more exciting 
than the discovery that micro-organisms with sexual 
reproduction have a genetics of a standard type. It is 
that there are now means of carrying out genetic analysis 
in some bacteria, viruses and fungi in spite of the 
absence of a sexual cycle or outside it. 

The biological significance of a system of sexual 
reproduction is that it secures at each generation the 
arising of individuals associating properties shown by 
separate individuals in earlier generations, or with new 
properties. The basis of such a system is the reshuffling 
of chromosomes and chromosome parts in the formation 
of germ cells and the combination of germ cells two by 
two to beget a new individual. The exciting discovery is 
that in micro-organisms there are a variety of other 
processes which give the same kind of results as sexual 
reproduction. I have called them “parasexual”’ processes. 

In detail, parasexual processes show a versatility of 
type and efficiency in sharp contrast with the uniform 
perfection of sexual reproduction. All these processes, 
however, are based on the transmission from one cell to 
another of sub-cellular structures ranging in size, in 
different cases, from whole nuclei down to nothing 
more than macromolecules. These structures are made 
up of a number of separable and assortable parts which, 
like the chromosomes and the genes, determine specific 
effects on the organism. In addition, these structures 
take a specific part in the making by the cell of more of 
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their own kind: a sort of specific auto-catalysis. They 
can change by abrupt steps, and when changed they 
induce the cell to synthesise the changed type. Within 
the limits of ordinary experiment they cannot arise 
de novo, in other words, the cell cannot make any one 
of them unless it already carries a model. 

I shall give only a few examples of parasexual pro- 
cesses. Dr. Lederberg in America and Dr. Stocker in 
London have found that, when bacteria of the genus 
Salmonella release into the culture medium virus par- 
ticles not necessarily killing all other bacterial cells 
which they infect, in respect of the cells which are not 
killed the virus particle acts as a carrier of heredity. It 
would be as if a human being, when passing on to 
another one ‘flu or measles, also passed on something 
which changed his heredity in respect of, say, eye colour 
blood groups, intelligence, etc. The acquired heredity 
of the receiving cell is again transmissible. The way in 
which a cell reacts in mating—speaking by crude 
analogy, the sex of a cell—in Bacterium coli is also 
determined by transmission from one cell to another of 
an infective agent, as shown by Dr. Hayes of the Post- 
graduate Medical School in London. 

It has been known for over twenty years that culture 
filtrates of Pneumococci with any one of a number of 
specific polysaccharides on their outer coating could 
induce the development of the same polysaccharide in 
Pneumococci without it. The “transforming principle” 
is a pure nucleic acid, produced specifically by each 
type of donor. Transformations of this kind, mediated 
by a specific nucleic acid, are now known in several 
instances. They affect many sorts of hereditary 
properties, not necessarily, as in the first instance, only 
properties of the cell surface. Moreover, Dr. Harriet 
Taylor Ephrussi, in Paris, has found that pairs of trans- 
forming principles are capable of undergoing re- 
combination in a way similar to that of chromosomes in 
sexual reproduction. That is, when two transforming 
principles of different types act in combination, cells 
arise with properties which may be different from those 
of both donors. 

In viruses attacking bacteria (bacteriophages) and in 
viruses attacking man and other mammals, Hershey and 
Luria in America and Burnet in Australia have also 
discovered processes of recombination. These take 
place when virus particles of two or more different types 
multiply simultaneously within the same host cell. 
Indeed the analysis of these processes in bacteriophages 
has reached a degree of refinement greater than that 
of recombination in sexual reproduction of higher 
organisms. 

Finally, in filamentous fungi a rather complicated 
process has come to light in my laboratory. It is made 
up of the same steps as those of normal sexual repro- 
duction—fusion of two nuclei, recombination and 
reduction of the chromosome number—but without the 
precise time-sequence in the life-cycle of the organism 
which characterises sexual reproduction. It is found 
both replacing sex in asexual species—such as Penicil- 
lium chrysogenum and Aspergillus niger—and as an 
alternative to sex in other species, such as Aspergillus 
nidulans. This parasexual cycle in species of fungi 
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“PARASEXUAL” RECOMBINATION IN A FUNGUS 
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FIG. | (top). Two strains of the fungus—one with white 
spores requiring biotin for growth and one with yellow 
spores requiring adenine for growth—have been inocu- 
lated in corresponding positions on two plates. The first 
grows (/eft) on a medium supplemented with biotin but not 
with adenine; the second grows (right) on a medium supple- 
mented with adenine but not with biotin. 

(Below). On medium without supplements, both the 
heterokaryon (above) and the heterozygous diploid (below), 
which were formed from the two strains, are growing; but 
the heterokaryon has a mixture of yellow and white spores, 
whereas the diploid has uniformly green spores of larger 
diameter and produces sectors with white or yellow spores. 
FIG. 2. The twelve types of recombinants obtainable by 
parasexual recombination from the diploid. Each type is 
inoculated in corresponding positions on the two plates. 
The twelve types include all possible combinations of three 
colours linked with the requirement for either, both or neither 
supplement. 
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without a sexual one, can be used, of course, for the 
production of more valuable strains in species used in 
industry. But what is more important, it throws an 
unexpected light on the problems of variation of fungi 
in nature: and we must remember that the majority of 
plant diseases are caused by asexual fungi. 

The discovery of the versatility of the processes of 
hereditary determination and transmission in micro- 
organisms is something which caught geneticists by 
surprise. Now we must expect more surprises of this 
kind, and keep an open mind. So far the framework, 
both of theory and of techniques, of classical genetics 
has been of great help in searching for these parasexual 
systems. As Prof. Haldane stressed at a recent meeting 
on bacterial genetics, however, we must be careful not 
to let it limit our outlook in the future. 

The important lesson learned from these develop- 
ments is that while survival and evolution of species 
require mechanisms of exchange of hereditary deter- 
minants between cells, sexual reproduction is not the 
only one of them. No doubt it is the most efficient as 
the result of a long line of evolutionary trial and error. 
The extraordinary uniformity of the sexual cycle, down 
to the minutest details, throughout the range of living 
things, contrasts sharply with the variety of parasexual 
processes already identified in micro-organisms: and, I 
repeat. there may be many more round the corner. 

The analogy between an infective particle, like a 
virus, and a gene was first grasped by Muller more than 
thirty years ago. Darlington stressed it about ten years 
ago and generalised this analogy to one _ between 
heredity and infection. Today we realise that what 
heredity and infection have in common is much more 
than an analogy. In some cases infection is the means 
of transport for heredity. 


MICRO-ORGANISMS AS TOOLS IN GENETICS 


I shall deal now with some other less unexpected 
developments of the genetics of micro-organisms, 
namely, those in species which have normal sexual re- 
production and to which standard genetic analysis has 
been applied. As already mentioned, they include 
yeasts, the moulds Aspergillus and Neurospora, the 
protozoon Paramecium and the unicellular alga 
Chlamydomonas. 

One feature of some of these organisms has allowed 
us to go further, and not only to apply but to refine 
the standard methods of genetic analysis. 

Take an analogy between the reshuffling of chromo- 
somes and chromosome parts that takes place in the 
formation of the germ cells in higher organisms, and 
dealing out cards. The game is with four players and 
the rule of dealing is that each player gets a complete 
sequence but each card in the sequence may be of any 
one of the red or black suits. Somebody has to discover 
this rule but can only look at one player’s cards at each 
deal. Even with this limitation, a small number of deals 
would be enough for him to deduce the rule. But how 
much more convincing his deduction would be if he 
could analyse the cards of all four players in each deal. 

Now, usually when we analyse the results of breeding 
in higher organisms we carry out an analogous 
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deduction. The nuclei of the germ cells are produced 
through meiosis in “dealings” among four. But we can 
analyse only one of these products, though we may do 
so over aS many “dealings” as we wish. Here is where 
yeasts, moulds and algae have an advantage: all four 
products of one “deal’’—that is to say of one cell which 
has gone through meiosis—can be examined simul- 
taneously because they are kept together. An advantage 
of this situation is that it allows us to follow the sorting 
out and recombining of genes without some of the 
approximations of statistical sampling. 

Moreover, by studying the four products of each 
cell that has gone through meiosis, certain details of 
meiosis itself, which escape the more usual type of 
analysis, can be followed. This is particularly valuable 
at the present time. The study of the way in which 
chromosome-like structures duplicate in the cell is under 
vigorous attack from a number of different angles, 
including virus multiplication and the physical chemistry 
of nucleic acids. So the additional information now 
coming from this particular way of studying meiosis is 
badly needed. 

Another direction in which the genetics of micro- 
organisms has been particularly fruitful is the study of 
the relationship between genes and metabolic processes. 
The part of this work better known to chemists is not 
the most fundamental, i.e. the possibility of identifying 
the individual steps in sequences of bio-synthetic re- 
actions by using mutant strains in which these processes 
fail at different steps. A more important consequence of 
this work is that it helps towards seeing more clearly 
the kinds of problems of how the genes take part in the 
chemistry of the cell, and to design more critical experi- 
ments to investigate these problems. 

There is a third fundamental direction in which the 
genetics of micro-organisms has opened the way to 
more rapid advance: the study of minute regions of the 
chromosomes. In fact, it has increased more than a 
thousand-fold the resolving power of genetic analysis. 
The distance apart of two sections of one chromosome 
is closely correlated with the incidence of recombina- 
tion between them when the germ cells (“gametes’’) are 
formed. We can thus use the amount of recombination 
aS a measure of distance, just as we could use, with 
caution, the time taken by a train between stations as a 
rough measure of their spacing apart along the railway 
line. In genetic experiments recombination is detected 
and measured in the following way. Consider an in- 
dividual with the double outfit of chromosomes carry- 
ing two genes each in two alternative forms, say 


\ A, a and B, b. The gametes of this individual will 
_ carry only one outfit of chromosomes and, in respect of 


these two genes, will be of four kinds: AB, ab, Ab 
and aB. If the two genes were far apart on the same 
chromosome pair, or were on different chromosome 
pairs, the four classes would arise in about equal pro- 
portions. If they were near One another, two comple- 
mentary classes (say AB and ab) would be in about 
equal proportions and the two others (aB and Ab) in 
equal proportions, but the latter would constitute less 
than half of the total. The closer the two genes are to 
One another, the smaller the proportion of the two less 
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frequent classes. These less frequent classes are those 
which carry the two forms of each gene in new associa- 
tions (“‘recombination’’). Clearly, the resolving power 
of an experiment on recombination is determined by 
the number of gametes that one can analyse. For 
instance, it is reckoned that recombination between two 
1000 A long which there are very numerous groupings 
occurs in only one in about 500 cells in gametogenesis. 
In the most suitable higher organisms detection and 
measurements of recombination are practicable only for 
incidences of not less than 1/1000. In micro-organisms 
recombination rates of the order of one in a million 
can be easily dealt with. This means that we have 
reached a level at which the physical distance apart of 
two sections of a chromosome which can be resolved 
by genetic analysis, i.e. of two adjacent genes, is of 
molecular dimensions. 

This kind of analysis has also revealed the extra- 
ordinary structural complexity and degree of internal 
integration of individual genes. A present very con- 
jectural working model of the gene derived from this 
work is that of a chromosome length of, say, 100 to 
1000 A along which there are very numerous groupings 
capable of change and liable to recombination by 
crossing over with one another. The reactions occurring 
at the surface of the gene are organised in an assembly- 
line fashion, the time-sequence corresponding to the 
linear sequence. 

The genetics of the protozoon Paramecium requires 
special mention. The work of Sonneborn, in the U.S.A., 
with this microscopic animal, together with that of 
Ephrussi in Paris on the genetics of yeast, provides 
most of our knowledge about the relations between 
nucleus and cytoplasm in the physiology of cells. 
Particularly they have contributed precise examples, 
open to experimental manipulation, of the part which 
the genes on the one hand and extra-nuclear cell struc- 
tures on the other play in determining the properties of 
a cell. The work of Dr. Beale in Edinburgh, also on 
Paramecium, has gone further. It has shown that in the 
synthesis of certain antigens the genetic constitution 
determines the spectrum of possible antigens which a 
cell may synthesise. But which antigen it will actually 
synthesise at any one time is determined by a number 
of alternative steady states which can be shunted from 
one to the other by conditions outside the cell. Clearly, 
there is here a link between the approaches of genetics 
and those of chemical kinetics developed mainly by 
Hinshelwood in Britain, by Monod in France and by 
Spiegelman in America. 


APPLICATIONS OF MICROBIAL GENETICS 


I shall deal now with the applications of the genetics 
of micro-organisms. First, those applications which are 
obviously round the corner but have not yet materialised 
because of the usual lag between fundamental research 
and application of its results. 

A proportion of micro-organisms cause disease in 
human beings, domestic animals and cultivated plants. 
The cat-and-mouse play of pathogen and host is particu- 
larly well known to whoever has to provide “improved” 
varieties of crop plants: a pathogen plays havoc with 
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existing varieties, new resistant varieties are produced, 
and after a short while changed types of the pathogen 
arise which can attack the resistant varieties and so on. 
This game, which goes on unendingly with cultivated 
plants, occurs, of course, in nature with every living 
thing, including human beings. Diseases which were 
lethal 100 years ago are no longer killing now, and 
new forms of disease take their place. 

Clearly, the more we know about the mechanisms of 
heredity and variation in micro-organisms the more we 
may be able to understand how new types of pathogens 
arise against which existing hosts are not resistant. This 
knowledge would certainly help to act more intelli- 
gently in the prevention of disease. The versatility of 
micro-organisms as to their mechanisms of recombina- 
tion—which I have mentioned before—tells us that the 
job ahead is certainly exciting, but not easy. 

Another field of application is that of the deliberate 
breeding of more valuable strains of those micro- 
organisms which are used for industrial fermentations. 
In the case of those organisms, like yeast, which have a 
sexual stage, breeding better strains involves techniques 
essentially similar to those used in plant-breeding to 
produce improved varieties of oats, cabbages, fruit trees 
and flowers. In the case of organisms without a sexual 
cycle, use could be made of the parasexual systems 


which I have mentioned before: certainly for asexual 
fungi—such as Penicillium chrysogenum and Aspergillus 
niger—and very probably for Streptomycetes, the 
techniques already available can put on an entirely 
different basis the procedures for improving and main- 
taining industrial strains. Yet, the blind techniques 
improvised under the urgency of war for the improve- 
ment of strains of Penicillium chrysogenum, have been 
used since in industrial laboratories with hardly any 
new idea 

In conclusion, I think that the development of the 
genetics of micro-organisms is a good example of 
the way in which new branches of science develop. It 
Started as an attempt to probe the validity of existing 
techniques and theories outside the territory already 
mapped: 1.e. the validity of classical genetics for unicel- 
lular organisms, most of which do not have sexual 
reproduction. It confirmed their usefulness and validity 
in certain directions, and discovered new principles in 
other directions: e.g. the existence of processes of 
genetic recombination other than sexual reproduction. 
As a result of this exploration the previous generalisa- 
tions have been broadened and are in the process of 
being revised in certain details. Finally, practical appli- 
cations have developed as a by-product and more are 
there for the asking. 
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A History of Mechanical Inventions 


By Abbott Payson Usher (U.S.A., 
Harvard University Press; London, 
Oxford University Press, revised 
edition, 1954, 450 pp., 72s.) 


This new edition of Usher’s well-known 
book fulfils two separate and distinct 
functions. The first four chapters, 
which present entirely new material, 
are devoted to the development of a 
theory of invention based on Gestalt 
psychology, a description of the 
economic factors governing techno- 
logical development and a discussion of 
the concept of social evolution as a 
continuous process. The rest of the 
book deals in detail with selected 
inventions in the fields of power pro- 
duction and distribution, textile and 
printing machinery, clocks and watches, 
machine tools and the quantity produc- 
tion of engineering components. 

Two theories have been put forward 
to account for invention, or the emer- 
gence of novelty in_ technological 
development. The transcendentalists 
claim that inventions are due to in- 
spired revelation vouchsafed to a few 


men of genius; whereas the concept of 


invention as a social process supposes 
it to result from the cumulative effect 
of large numbers of minor modifica- 
tions to existing devices. Usher points 
out that the former theory disregards 


the large number of significant contri- 
butions made by lesser men; while the 
latter view does not allow for the 
intuitive solution, by men of ability, of 
the problems posed by the development 
of technology. 

The difficulty of accounting for the 
emergence of novelty is also met in the 
field of pure science. James B. Conant, 
whilst at Harvard University, edited the 
Case Histories in Experimental Science 
in which this problem was analysed. He 
suggested that science progresses because 
fruitful conceptual schemes are occa- 
sionally developed by the _ intuitive 
interpretation of accumulated data. 
The inspired guess is the unpredictable 
factor which invalidates such statements 
as “science progresses by rigorous appli- 
cation of the scientific method”; at the 
Same time it is emphasised that the in- 
spired guess must have a basis of 
experimental fact. 

The Gestalt theory of inventions 
presents much the same view; indeed 
Usher suggests that, because certain 
phases of the history of inventions are 
often better documented than the com- 
parable phases in the history of science, 
the former provides better data for this 
form of analysis. According to this 
theory one can _ trace continuous 
development in the history of machines, 
although some of the transitions in 
this development are so large and well 
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defines as “strategic inventions”. 
Strategic invention is suggested as the 
third step in a four-stage process. It is 
first necessary to recognise that a par- 
ticular machine is unsatisfactory, either 
because external conditions _ have 
changed, or because it is desirable to 
extend its field of application; this is 
conceived as an unsatisfactory pattern. 
The inventor then reviews, consciously 
or unconsciously, various features of 
this pattern and considers them in the 
light of other patterns and situations 
derived from his general experience. In 
this way he is presented with all the 
data necessary for a solution to the 
problem. This step can be called 
“setting the stage’’, and it leads directly 
to the act of insight by which the prob- 
lem is solved. The final stage is that of 
“critical revision” during which the 
newly perceived relationships are under- 
stood and exploited. Usher points out 
that inventions may be translated into 
practical devices, or they may remain 
as imaginative constructions because of 
the inadequacy of contemporary tech- 
nology; and the work of Leonardo da 
Vinci is cited in support of this view. 
Among the strategic inventions which 
are considered in support of the Gestalt 
theory are the invention of the carbon 
filament lamp by Edison and of the 
separate condenser for the steam engine 
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by Watt. The close parallel between 
invention and the development of scien- 
tific theories is exemplified by discussion 
of Rutherford’s invention of the con- 
cept of the nuclear atom. 

The choice of material for the 
descriptive part of the book is restricted 
by the author’s selection of material, 
which is well documented; and a further 
limitation is imposed by the desirable 
size of the book. Thus there is very 
little discussion of technology and in- 
ventions in prehistoric times, although 
an interesting account is given of early 
Greek writings on mechanics and a 
chapter devoted to “The Mechanical 
Equipment of Antiquity”. Develop- 
ments, up to about the middle of the 
19th century, of clocks and watches and 
textile and printing machinery are 
described in some detail; no account is 
given, however, of the development of 
general communication and transport 
systems although these were of obvious 
importance in the diffusion of techno- 
logical innovations. The section on the 
production and distribution of power 
is comprehensive and includes discus- 
sion of water wheels, windmills, early 
pumping engines and steam engines, and 
water and steam turbines. The chapter 
on the development of machine tools 
and quantity production includes an 
excellent history of the lathe, although 
other metal-working equipment is 
rather summarily dismissed. Production 
engineering is also dealt with rather 
sketchily, although the work of Polhem 
in Sweden and the earliest mass- 
production factory (which made pulley 
blocks for the Navy at Portsmouth in 
1808) are described at some length. 

After reading this part of the book 
one is left with the impression that the 
coverage of material is uneven, and 
comprehensive surveys alternate with 
superficial discussion. There are also 
some curious omissions, and occa- 
sionally some odd conclusions are 
drawn. For instance, no mention is 
made of computing machinery, although 
the work of Babbage provides an 
excellent example of a_ technological 
problem being solved by imaginative 
construction even though means for 
its practical solution do not exist. In 
discussing the development of Watt’s 
steam engine, Usher implies that Dr. 
Roebuck was financially ruined by the 
assistance he gave to Watt; whereas it 
is usually accepted that Roebuck’s 
disastrous ventures in coalmining were 
the cause of his bankruptcy. 

In the main, however, these are 
minor criticisms of what is, in fact, an 
extremely fine book and a most valuable 
addition to the available material on 
this relatively neglected subject. It is 
extremely well produced and provided 
with an excellent bibliography. The 
arguments in general are well reasoned 
and clearly expounded although some 
of the earlier parts, and particularly the 
chapter on “The Historical Analysis of 
Social Change”, are rather difficult. The 
book is illustrated by a large number of 
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clear and accurate text figures. Inciden- 
tally, this is the first book published by 
Harvard University Press using photo- 
graphic typesetting (by the Intertype 
Fotosetter), which seems most appro- 
priate for a book concerned with the 
progress of mechanical invention. 

As a source book, albeit of restricted 
scope, it is excellent. It should be read 
not only by scientists, historians and 
economists but by all who are concerned 
with the development of science and 
technology and their impact on society. 


H. D. TURNER 


Color Television Fundamentals 


By Milton S. Kiver (London, 
McGraw-Hill, 1955, 312 pp., 32s. 6d.) 


Introduction to Color TV 
By M. Kaufman and H. Thomas 
(New York, J. F. Rider Publishing 
Co., 1954, 140 pp., $2.10.) 

An Introduction to Colour Television 
By G. G. Gouriet (London, Norman 
Price, 1955, 72 pp., 8s. 6d.) 


Two out of the three titles listed are of 
American origin, a reflection of the fact 
that most of the published information 
on colour television available in Britain 
has come from the other side of the 
Atlantic. Only Mr. Gouriet, the leader 
of the B.B.C. research team in colour 
television, has contributed a_ British 
book on the subject—the first to appear 
on this side. 

It may be said at the outset that all 
the books cover the subject from the 
same angle: first, an introductory sec- 
tion on the fundamentals of colour 
vision, colour mixing, and the theory 
of colour transmission, then a descrip- 
tion of the standard system adopted in 
America by the National Television 
Standards Committee (NTSC system), 
followed by details of the receiver cir- 
cuits and the reproducing tubes. The 
majority of colour receivers in America 
make use of the R.C.A. three-gun 
cathode-ray tube in which the screen is 
broken up into a regular arrangement 
of red, green and blue dots, and such 
notes on servicing as are given are 
concerned with the alignment and cor- 
rection of receivers using this tube. 
Incidentally, it may be mentioned that 
the Radio Corporation of America issue 
a beautifully produced service booklet 
for their receivers which is worthy to 
rank with the introductory text-books 
issued by the professional publishers. 

Mr. Kiver’s book, as might be 
expected from an experienced author, 
is clearly written and contains a con- 
siderable amount of detail augmented 
with copious diagrams. There is a full 
colour section illustrating the faults of 
misalignment in the electrical and 
mechanical components of the receiver 
which is sufficient to daunt the beginner 
in servicing. There is also a complete 
circuit diagram which, although con- 
siderably reduced in size, occupies an 
area 24 inches by 8 inches. 
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Messrs. Kaufman and Thomas cover 
almost the same ground, but perhaps on 
a slightly lower level. The space given 
to fundamentals is a little more, and 
the colour plates, although present, are 
not in half-tone. They also include a 
chapter on adjustments, but are handi- 
capped by the absence of colour illus- 
trations. In fairness to the publisher it 
should be mentioned that the Rider 
manuals are intended to be produced at 
a modest price for the impecunious 
serviceman, and at approximately 16s. 
the Rider book compares very favour- 
ably with the product at twice this 
figure. It is understood that a firm of 
British publishers has obtained the 
rights for this book in Great Britain, 
and it will shortly be available in a 
cloth instead of a paper binding. 

(Mr. Rider is a firm believer in 
paper-bound books, and, in contradic- 
tion to his British colleagues, holds that 
there is a considerable economy in 
issuing them in stiff paper.) 

Mr. Gouriet’s book does not go quite 
so far in the subject as either of the 
others, but concentrates on fundamen- 
tals, which he explains very clearly and 
interestingly. He then describes the 
NTSC system with some _ critical 
remarks, but unfortunately does not let 
us into the secret of how the B.B.C. 
propose to take advantage of the ex- 
perience which has been obtained from 
working the system in the field. 

Colour television is in the air— 
literally, as the experimental trans- 
missions from Alexandra Palace have 
started. The reader can take his choice 
from the three books already available: 
each has its merits, and the information 
that he will obtain from them is almost 
proportional to the price he is willing 
to pay. 

G. P. 


The History of the Telescope 


By H. C. King (London, Charles 
Griffin & Co. Ltd.; Cambridge, Mass., 
Sky Publishing Corp., 1955, 456 pp., 
196 illustrations, 50s.) 


As the Astronomer Royal says in his 
Foreword, this book fills a notable gap 
in astronomical literature, and should 
be welcomed not only for its inherent 
interest but also as a source of infor- 
mation on all matters relating to the 
evolution of the telescope. The wealth 
of references appended to every one of 
its nineteen chapters affords impressive 
testimony to the wide reading and deep 
research undertaken by Dr. King in the 
preparation of this most comprehensive 
work, and the reader can believe that 
he did in truth “embark on a seemingly 
endless quest in the large field of pub- 
lished and unpublished scientific litera- 
ture’. 

Thirty years ago, in his epic poem, 
The Torchbearers, Alfred Noyes spoke 
of the 100-inch reflector at Mount 
Wilson as “the noblest weapon ever 
made by man”. Certainly no instrument 
has done more than the telescope, its 
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COUNTERFEIT 


Sonia Cole 


The reasons for forgeries, pecuniary and other- 
wise, raise many provocative thoughts when one 
considers the type of people who perpetrate 
them. This is the first book to treat this fas- 
cinating subject in such variety, and includes a 
full account of the “Luebeck church murals 
scandal”. 


“Equally a collection of detective stories, a 
brief psychological inquiry as to why people 
forge, and a description of the scientific methods 
now used to prove that forgery has, in fact, 
been committed. Some of the cases, like some 
of the tests, are enthralling.”.—Daily Telegraph. 


“Miss Cole here makes a fascinating investiga- 
tion. Miss Cole ranges easily and widely. She 
discusses modern science’s contribution to 
detection. Indeed, in all too brief 200 pages, 
there is remarkably little germane to her title 
on which she fails to cast a sceptical and 
appreciative eye.’—Glasgow Herald. 


Illustrated 15s. net 
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Biochemistry of Autotrophic Bacteria 


By H. Lees, Ph.D., Dept. of Biochemistry, 
Aberdeen University 


Autotrophic bacteria, organisms that require but a few in- 
organic chemicals to effect a total synthesis of all the com- 
pounds that go to make up a living cell, pose biochemical 
questions of the utmost interest. It must be admitted 
that these questions remain largely unanswered, for of all 
organisms they are the most tedious to work with due to 
low culture vield, combined with the liability of the culture 
to die out suddenly. This volume has been published to 
stimulate a more practical interest in a much neglected field. 


Price 21s. 


Biochemistry of the Aminosugars 


By P. W. Kent, M.A., B.Sc., Ph.D., D.Phil. 
F.R.I.C. and M. W. Whitehouse, B.A., B.Sc., 
A.R.1.C., Dept. of Biochemistry, Oxford 


The book surveys the biochemistry of mucins and other 
aminosugar-containing substances and includes a consideration 
of their metabolism and of the enzymes which act on them 
and their derivatives. The first part of the book discusses 
aminosugars and muco-substances in the biological environ- 
ment, while the second part treats the chemistry (detection, 
estimation, structure and reactions) of aminosugars. The 
work is not solely confined to glucosamine and galactosamine 
and an attempt has been made to collate the properties of 
ail known aminosugars, both natural and synthetic. 


Price 40s. 
BUTTERWORTHS 


SCIENTIFIC PUBLICATIONS 
88 KINGSWAY, LONDON, W.C.2 
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Experimental Design 


Theory and Application 
By WALTER T. FEDERER 


A comprehensive coverage of the design and 
analysis of experiments. The analyses of designs 
with missing observations, the analyses for varia- 
tions from standard designs, components of 
variance analyses, and covariance analyses are 
treated in detail. Ready shortly. 

Prob. 77s. net 


Theory and Practice of 
Frequency Response 


By RUFUS OLDENBURGER 


A symposium on the use of frequency response 
methods in servo-mechanism design, starting with 
the fundamentals and proceeding to the most 
advanced aspect of the subject. Ready shortly. 
Prob. 52s. 6d. net 


Atomie and Nuclear 
Physics 


By ROBERT S. SHANKLAND 


Emphasising the fact that atomic and nuclear 
physics are in reality a single branch of science, 
Dr. Shankland has unified the study of these two 
subjects in order to give the reader a full, clear 
picture of modern atomic and nuclear research. 
455. net 


An Introduction to 
Plant Taxonomy 


By GEORGE H. M. LAWRENCE 


This extremely well-balanced guide for botanists 
gives all the necessary information for under- 
standing plant structure, classification, nomencla- 
ture and the mechanics of plant identification. 
235. net 


Life of Bacteria 
By KENNETH V. THIMANN 


A thorough, all-encompassing treatment of the 
physiology and biology of bacteria carefully 
integrated with discussions of their structure, 
classification and relationships to other micro- 
organisms. 655. net 


Available from all booksellers 


10 South Audiey St. 
London, W. 1 








powers gradually increased by various 
ancillary appliances, to enlarge the 
mental horizons of mankind, and to 
make astronomy one of the most in- 
fluential of the sciences. None the less, 
a great deal was done in the 16th 
century with sextants, quadrants and 
mural circles to improve observational 
accuracy, Tycho Brahé in particular 
carrying precision of measurement by 
these means about as far as it could go. 
But it was fortunate indeed that the 
telescope, invented accidentally by 
Lippershey, if not by other claimants, 
in Holland, should have come in 1609 
to the notice of Galileo, and been 
recognised by him as an invaluable 
tool for astronomy. 

By Galileo, Kepler and others the 
basic optical principles of the telescope 
quickly became understood, although 
failure to distinguish between spherical 
and chromatic aberration rendered it 
impossible to cure in any simple manner 
the defects of refracting lenses. One 
result of this was the construction. 
notably by Hevelius and Huygens. of 
“aerial telescopes”. comprising object 
glasses of very shallow curvature and 
immense focal length—150 feet in the 
case of one erected by Hevelius at 
Danzig. To get the long wooden 
trough, with objective at one end and 
eyepiece at the other, suspended by 
numerous ropes from a lofty mast was 
a major and many-handed operation, 
while no degree of skill could keep the 
lenses in alignment. Admittedly, the 
150-foot instrument was the same kind 
of freak among telescopes as. 200 years 
later, the Great Eastern was to be 
among steamships. Yet with some- 
what smaller versions of such un- 
wieldy apparatus important discoveries 
were made; Cassini, for instance, found 
Tethys and Dione, two of the fainter 
moons of Saturn. with telescopes of 
100 and 136 feet focal length. 

The use of mirrors instead of lenses 
occurred to several thinkers, James 
Gregory in 1664 being the first man 
actually to attempt an instrument on 
these lines. But his efforts failed owing 
to his in bility to obtain satisfactory 
surfaces, and it was left to Newton in 
1668 to construct the earliest reflecting 
telescope. Unfortunately Newton was 
convinced that no achromatic lens 
could ever be made, and in consequence 
there was little endeavour for nearly a 
century to improve the refractor. Great 
progress, however, was achieved with 
reflectors, thanks to the ingenuity and 
craftsmanship of men like Hadley. 
Short and Herschel; the refractor 
remained neglected until Dollond pro- 
duced his achromatic object glasses. 
Meanwhile the introduction of micro- 
meters, transit instruments, equatorial 
mountings and other observatory equip- 
ment was leading to increasingly effec- 
tive employment of the more powerful 
telescopes now available. Many devoted, 
persistent and highly skilled workers 
laboured incessantly in this sphere, and 
it is good that the names and accom- 
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them should 
of the 


some of 
in The History 


plishments of 
be recorded 
Telescope. 

In the 19th century the spectroscope 
and the camera brought to astronomy 
aids that have extended knowledge of 
the universe beyond all previous antici- 
pation. During the same era, interest 
began to grow in America, and the 
great observatories of the United States 
came into being. Dr. King gives us 
some account of these, as well as of 
the larger instruments that have been 
constructed in more recent years, con- 
cluding his book with a few pages on 
radio astronomy and on certain elec- 
tronic devices. such as Zworykin’s 
iconoscope and Skellett’s coronaviser. 
both of which are designed to utilise 
cathode-ray technique for the produc- 
tion of images. “In the development of 
the telescope,” he says, “we recognise 
no limitations”, and the story that he 
tells of its advance in the last 300 years 
makes an enthralling narrative. 

E. N. PARKER 


Tropical Meteorology 
By Herbert Riehl (New York and 
London, McGraw-Hill, 1954, 392 pp., 
61s.) 


The publication of this book marks an 
important event in meteorological litera- 
ture; for the first time we have a really 
authoritative account of meteorology in 
the tropics by one of the very few 
people qualified to write it. Meteoro- 
logical exploration of the tropical 
regions was greatly extended during the 
Second World War when the military 
required forecasts in these regions for 
which there was, at the time, little more 
than some rather incomplete climato- 
logical data. It soon became apparent 
that the weather and circulation in low 
latitudes were not nearly as steady as 
had hitherto been supposed, and the 
limitations of the methods of middle- 
latitude forecasting were soon revealed. 
Thus it became necessary to augment 
the meteorological observing stations, 
to evolve new techniques of analysis, 
and to undertake detailed studies of the 
development of weather systems. The 
outcome of these activities together 
with the results of some important 
researches during the last few years 
form the superstructure of Prof. Riehl’s 
book in which he not only treats us to 
a clear, factual and up-to-date account 
of meteorological conditions and pro- 
cesses in the tropics, but demonstrates 
their relation and importance to the 
global circulation of the atmosphere. 
The first three chapters which describe 
the winds, pressure patterns, the distri- 
bution of temperature and rainfall in 
the tropics, reveal the basic pattern of 
the tropical circulation. There is a clear 
description of the important role played 
by the trade-wind inversion—‘perhaps 
the most important regulating value of 
the general circulation”’—and of its 
effects on the vertical distribution of 
temperature, humidity and wind. 
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Then follows a description of diurnal 
and local effects; in the equatorial belt 
the diurnal temperature cycle which, 
over the land, far exceeds the seasonal 
range, largely governs habits of life. 

The next two chapters are concerned 
with the closely related topics of “‘Con- 
vection” and “The Physics of Tropical 
Rain”. The author presents a rather 
general discussion of the convection 
problem with particular reference to the 
structure and life-cycle of trade-wind 
cumulus clouds. Chapter 6, written by 
R. Wexler, gives a concise and well- 
written summary of the physics of 
clouds and precipitation processes, but 
its title is quite misleading. It is a 
valuable addition to, but not an integral 
part of the book. 

We come now to those chapters 
which are the proper concern of the 
forecaster. Chapter 7 deals’ with 
methods of observation and analysis 
and points to the inherent difficulties in 
a region where observations are sparse, 
diurnal and local effects are often 
dominant, where there is little coherence 
in the synoptic surface and upper air 
charts, and where such basic temperate- 
latitude tools as the geostrophic wind 
are no longer applicable. The use of 
alternative forecasting techniques are 
described. 

Discussion follows on the develop- 
ment of waves in the tropical easterlies 
and other low-latitude disturbances 
such as the equatorial trough and the 
Indian monsoon. Here Prof. Riehl 
points out the severe limitations of 
frontal models in the tropics. 

In Chapter 11, nearly eighty pages 
are devoted to a detailed and fascinat- 
ing account of tropical storms which 
are of such great practical and theoreti- 
cal interest. The emphasis is on the 
processes by which the energy input 
(mainly the latent heat released by con- 
densation of water vapour) is finally 
converted into the kinetic energy of 
winds. The various theories of hurri- 
cane formation are considered and their 
structure is brought vividly to life by 
descriptions of the associated cloud 
systems as revealed by aircraft recon- 
naissance and radar. 

The last chapter reviews the features 
of the tropical atmosphere seen in the 
wider context of the general circulation. 

The whole book carries the unmis- 
takable mark of the expert; it is detailed 
and yet very readable. Prof. Riehl has 
eschewed the fashionable tendency to 
make his subject appear respectable 


with a veneer of largely irrelevant 
mathematics; the grain of the wood, 
with all its imperfections is clearly 


revealed. The careful reading of this 
book will discover the huge _ gaps 
in our present knowledge of tropical 
meteorology and the immense oppor- 
tunities for further research in an 
almost virgin field. 

In the meantime, this work will 
probably be a standard text for some 
time to come. 

B. J. MASON 
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The first book to have been written especially 
to answer the questions being asked every- 
| where. now that announcements have been 
| made that man-made satellites are shortly 
to be launched. 

“His aim is to describe and define the 
artificial satellite experiment and to dis- 
tinguish it from the pipe-dreams of scientists 
and the outpourings of writers of science 
fiction. In achieving this object he has been 
eminently successful.” 


———The new Satellite projects explained 


EARTH 
SATELLITE 


by Patrick Moore, F.R.A.s. 
Author of Guide to the Planets 





BIRMINGHAM POST 


Illustrated, 15s. net 




















EYRE & SPOTTISWOODE 


























THOMSON ~ The CRESEEA BLE Fld TldRE 





. CAMBRIDGE 









10s. 6d. net 
At all Bookshops 


CAMBRIDGE UNIVERSITY PRESS 











GEOLOGY AND 
OURSELVES 


F. H. EDMUNDS, M.A. 


A review by one of our leading practical 
geologists (of the Geological Survey) of how 
the science of geology influences our daily 
lives, e.g. in planning water supply, tunnels, 
railways, habitations and industries. 25s. 


* 


In preparation: 


GALACTIC NEBULAE 
AND INTERSTELLAR 
MATTER 


JEAN DUFAY 
translated by A. J. POMERANS 





“Provides the most complete account 
available of the many diverse phenomena, 
observational and theoretical, involved in 
the study of interstellar matter.”-—Sir H. 
Spencer Jones, in Endeavour. £2 2s. 
* 
CONTEMPORARY 
PHYSICS 


C. WEIZSACKER and J. JUILFS 


A survey of the entire field of physics, both 
classical and contemporary. It gives a sound 
conception of what physics has achieved 
and what it is up to without the use of 
mathematics. The authors are distinguished 
scientists with world reputations. Translated 
by A. J. Pomerans. 30s. 


HUTCHINSON’S 


Scientific & Technical Publications 
178 Great Portland Street, London W.1 
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THE 


UNITED STEEL COMPANIES 


LIMITED 





University Graduates 


The United Steel Companies Limited invite appli- 
cations from men with University degrees in science, 
in engineering and also in arts subjects, for careers 
with the Company in production management, 
engineering and sales organisation. Practical training 
will be given as required. 


The Company is the largest iron- and steel-making 
concern in the United Kingdom and manufactures a 
wide range of steel, chemical and engineering pro- 
ducts, and employs some 32,000 people. Its works are 
located in Yorkshire, Lincolnshire and Cumberland. 
Further information, including salaries offered, may 
be obtained from: 

THE COMPANY RECRUITMENT OFFICER, 

The United Steel Companies Limited, 


17 Westbourne Road, 
Sheffield 10. 


(TELEPHONE: SHEFFIELD 60081) 


$B BB A A ZY ’ sf BB #0 #0 o¢@-g@ -@ 


A LL LM La 





— 


i. i. 








Most of 
control c 
equal for 
repetitive 
laborator 
matically. 
tained ac 
releases t 
creative Vv 
the conti 
During 
U.S.A. 1 
various t 
automatic 
the big it 
their pro 
farmed tl 
in large 1 
Most of 1 
record di 
of the mé 
There | 
in the LU 
can carr 
chemical 
developec 
and indee 
Instrumer 
the first 1 
mercially 
the “Anz 
by Baird 
represents 
of British 
The ex 
of a two- 
back and 
to the cor 
The cc 


MMe SH Lae 


A A 

















FIGURE 1 


Most of the arguments for automatic 
control of chemical plant apply with 
equal force to laboratory operations. If 
repetitive operations carried out in the 
laboratory can be performed auto- 
matically, that makes for more sus- 
tained accuracy and speed. It also 
releases the trained scientist for more 
creative work and offsets so some extent 
the continual shortage of such men. 

During the past ten years in the 
U.S.A. there have been developed 
various types of automatic and semi- 
automatic laboratory analysers. There 
the big instrument firms have designed 
their prototype instruments and then 
farmed them out for exhaustive testing 
in large industrial control laboratories. 
Most of these instruments measure and 
record directly some physical property 
of the material under test. 

There have been few attempts. even 
in the U.S.A., at building units that 
can carry out completely automatic 
chemical analyses. This market has 
developed in Britain somewhat later, 
and indeed not until this year’s British 
Instrument Industries Exhibition was 
the first unit of this kind offered com- 
mercially by a British firm. This unit, 
the “Analmatic” laboratory produced 
by Baird & Tatlock (London) Ltd. 
represents an outstanding achievement 
of British brains and skill. 

The example shown (Fig. 1) consists 
of a two-bay cabinet with doors at the 
back and sides which allow easy access 
to the components. 

The component units are built on 


chassis and fitted with forward-facing 
handles. All connections between the 
components are effected by means of 
multi-core cables, plugs and _ sockets. 
The model shown was designed to meet 
the specific needs of a customer, but it 
serves to show the potentialities of such 
an assembly. 

In the left-hand stack. at the top. 
there is a graphic panel which traces 
the sequence of operations as_ they 
occur by means of coloured lights. 
Below this is the heart of the assembly. 
known as the time pulse and sequence 
controller. This decides the order in 
which the operations take place. As 
each operation is completed a “feed 
back” signal reaches the controller 
which then initiates the next stage in 
the process. If the sequence of opera- 
tions is interrupted. or should one step 
in the sequence of operations not be 
completed satisfactorily then no “feed 
back” signal is received, and. hence the 
next stage is not initiated. A _ visual 
and audible warning is given of such a 
“fault” and all further stages are held 
up until it has been rectified. A multi- 
point switch connecting each main 
circuit to a pilot light enables the fault 
to be located quickly. 

At the top of the right-hand bay 
there is an automatic chart recorder. 
Two alternative ranges are incorporated 


so that if the first reading goes off the 


scale a repeat sample is automatically 


taken and recorded on the second range. 
Thus it is possible to handle samples of 


widely different concentrations. 
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AUTOMATIC 


CHEMICAL 


LABORATORY 


The equipment described up to this 
point might be included in assemblies 
designed to deal with a very wide 
range of chemical applications and 
can be regarded as basic. In the 
particular example illustrated (Fig. 1) 
there is included below the recorder a 
mixing and metering unit (Fig. 2) and 
below that an absorptiometer. The 
electrical supply unit for the absorptio- 
meter is situated at the bottom of 
the left-hand bay. In the particular 
sequence of operations under review a 
measured volume of the liquid sample 
to be analysed is drawn from each of 
four sources in turn. Measured volumes 
of two reagents are added to the sample 
in the mixing vessel (Fig. 2). The 
reaction product is then reduced with 
hydrogen and the final product passes 
to one of the absorptiometer cells 
where its colour intensity 1s compared 
with a standard. As the sample from 
each source is processed in turn the 
results of the analyses are registered 
in different colours on the recorder 
chart. 

It would be possible in many cases to 
arrange for a signal to be transmitted 
to an additional controller which 
can regulate a valve controlling the 
relevant plant variable, e.g. pressure, 
temperature and etc. 

The absorptiometer has two test cells 
for alternate use, and these cells are 
automatically cleansed after use. 

Apart from the initial making up of 
the reagent solutions and the calibra- 
tion of the process to convert electrical 








units into terms of sample concentra- 
tion, the process proceeds without 
manual assistance. 

It is obvious that such an assembly 
has a great many possible applications. 
In this particular case the final measure- 
ment uses a colorimetric technique which 
has a tremendous number of analytical 
applications. Other properties such as 
thermal conductivity, ultra-violet and 
infra-red absorption, and pH value can 
also be readily metered and recorded. 

The sample for analysis may also be 
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converted into the form required for 
evaluation by a variety of chemical and 
physical methods capable of automatic 
manipulation (such as_ liquid-liquid 
extraction, adsorption. oxidation and 
halogenation, to mention but a few). 

The makers rightly do not propose to 
limit the application of “Analmatic”™ 
laboratories to purely chemical tech- 
niques but intend to develop it for use 
on other types of routine laboratory 
and test-house work. They claim that 
anywhere where the instrument can 
repl: ace control-test operators on con- 
tinuous repetitive work the instrument 
should quickly pay for itself. This 
claim can only be checked as a fund of 
operational experience is built up and 
as the cost of maintaining these units 
can be assessed. 

Given the necessary ruggedness, pre- 
cision and ease of maintenance in such 
instruments, the day cannot be far off 
when large control laboratories will 
have batteries of them carrying out all 
the repetitive operations at present per- 
formed by armies of chemists. Such 
laboratories will be under the control 
of a supervisor and one or two assis- 
tants who will carry out the initial 
calibration work in terms of basic 
chemical reactions and will attend to 
the necessary maintenance. OD.S.H. 


DECEMBER 1955 DISCOVERY 


FAR AND NEAR 


Atomic News 

The U.K. Atomic Energy Authority, in 
its first annual report (Stationery Office, 
price 2s.), states that in spite of the 
considerable effort spent in trying to 
obtain new recruits the net increase in 
the Authority’s labour force is dis- 
appointing. One difficulty is that salary 
scales have to be comparable to those 
in the Civil Service. To bring salaries 
more in line with salaries in industry, 
there has been a departure from that 
principle in the case of managerial 
staff; salaries are increased according to 
individual responsibility and achieve- 
ment. 

At a Press conference on November 3, 
SiR CHRISTOPHER HINTON said _ that 
the factor limiting the activities of the 
Authority’s Industrial Group is_ the 
acute shortage of engineers, in _ par- 
ticular, design engineers. A more am- 
bitious development programme would 
have been possible if more such men, 
and more scientists and technologists, 
had been available to the A.E.A. and 
industry. Money, he said, is not the 
limiting factor today. ““As much money 
is being spent as is possible with the 
staff availabie,”’ he added. 

The membership of the A.E.A. Board 
is as follows: SiR EDWIN PLOWDEN 
(chairman), SIR JOHN COCKCROFT (mem- 
ber for Scientific Research), SIR 
CHRISTOPHER HINTON (Engineering and 
Production), SIR WILLIAM PENNEY 
(Weapons Research and Development), 
Sik DONALD PERROTT (Finance and 
Administration) and Mr. W. STRATH. 
Five part-time members bring the 
number of the board up to its full 
complement of ten; they are LorD 
CHERWELL, SIR LUKE FAWCETT, SIR 
IVAN STEDEFORD, SIR ROWLAND SMITH 
and Mr. C. F. KEARTON. (The last- 
mentioned is a director of Courtaulds. 
who worked on the gaseous diffusion 
process for U235 separation during the 
war and was attached to the New York 
office of “Tube Alloys’’—code name for 
Britain’s atomic bomb project—for a 
time.) 

The A.E.A.’s estimated expenditure 
for 1955-6 totals £504 million against 
£53,675.000 tor 1954-5. The Authority 
differs from other nationalised under- 
takings in that it depends for its funds 
on money voted by Parliament. The 
money is paid by the office of the Lord 
President subject to Treasury approval. 

The annual report reveals that a 
design study is being made for a light- 
water reactor for power purposes by 
Harwell in collaboration with the Indus- 
trial Group, Babcock & Wilcox and 
English Electric. Tests are being made 
of fuel elements for this project known 
as LEO (Low Enrichment Ordinary 
Water). 

At the Press conference of Novem- 
ber 3 Sir John Cockcroft stated that an 
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Admiralty team is now working at 
Harwell, and their studies on the possi- 
bilities of atomic ship propulsion are 
about to enter the design stage. There 
is also a small unit from the British 
Shipbuilding Research Association en- 
gaged on similar work at Harwell. 
~ ~ ~ 


The Central Electricity Authority has 
announced where its first two atomic 
power stations will be built. One will 
be sited at Bradwell, Essex, and the 
other on the Severn at Berkeley, Glos. 

The Royal Marsden Hospital, Lon- 
don, received the first kilo-curie source 
of caesium 137 prepared for radio- 
therapeutic use. A similar unit (costing 
£10,000) is to be installed at the Liver- 
pool Radium Institute. At Windscale a 
plant is under construction to produce 
concentrated sources of caesium 137 
and strontium 90 with activities in this 
1000-curie region, equivalent to 1000 
grams of radium. These radioisotopes 
are “‘waste”’ fission products. 


20,000 Men work on Guided Missiles 


The scale of Britain’s efforts in the 
guided missile field was indicated by 
the Australian Minister of Supply 
recently when he stated that in the 
United Kingdom 20.000 scientists and 
technicians are working on weapons 
which are brought to Australia for 
testing. In his article on guided missiles 
(Discovery, October 1955), Chapman 
Pincher put the number of British firms 
engaged in this line of research. 
oe and production at over 
< 


Chemical “Enrichment” of Iron Ores 


Chemists and chemical engineers of the 
Frodingham Research Department of 
the Appleby-Frodingham Steel Co. (one 
of the United Steel companies) have 
devised a new process for producing 
pure iron oxide from low-grade iron 
ores which are hard to concentrate by 
purely physical methods. The ore is 
treated with hydrogen chloride gas or 
aqueous hydrochloric acid. and pure 
ferric chloride distils over at 300—350°C. 
This is then treated with steam to pro- 
duce pure ferric oxide, or with hydrogen 
to produce metallic iron; in both cases 
hydrogen chloride gas is regenerated 
and can be used again. A valuable by- 
product of the process (which has been 
described by Dr. L. REEVE in The 
Journal of the Iron and Steel Institute) 
is vanadium. A substantial pilot plant 
has been built, and its efficiency is now 
being investigated by a team of chemical 
engineers under Mr. S. Gregory. 


“Dissemination of Science” Conference 
The importance of improving the 
general scientific knowledge and interest 
of two classes of people—children (and 
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A NEW-PRINGIPLE 
A-C AUTOMATIC 
VOLTAGE STABILISER 













This is our Model ASR-1150 Automatic Voltage Step Regulator. 
It ideally fills the need for a cheap, small and light Stabiliser. 
Although it measures only 8+in. x 44in. x 5in., weighs as little as 
11 Ibs., and costs only £24 net, it has a performance fully equal to 
any similarly rated Automatic Stabiliser of the resonated, saturated 
core type, without any of the disadvantages. 

ASR-1150 has a pure output waveform, is unaffected by changes in 
mains frequency, and works equally well from no-load to full load, 
which is 1150 VA. It has a stabilised output at 230V unless otherwise 
ordered. 








We can supply from stock 
all types of American tubes, 
condensers, valves, poten- 


tiometers, etc. 


Many other Automatic Voltage Stabilisers are now manufactured by 
us, and all are available for immediate delivery. In some cases the 
constancy of output is as high as 0.15°4. Models are available from 
200 VA to 30 kVA, single phase. 3-Phase Stabilisers are also available. 
Prices are extremely competitive. 





MEMO: If youare interested in infinitely- 
variable Transformers, do not forget the 
almost indispensable ‘‘VARIAC” (Reg’d. 
Trade mark). Models are available from 
170 VA to 21kVA. Our Catalogue V-549 
(3rd Edition) tells the whole story, and will 
gladly be mailed free and post free, on 
request. 


The NEW “ASR-I 150” 
costs only £24 net 











Complete information is obtainable from: 


CLAUDE LYONS LTD. 
ELECTRICAL AND RADIO LABORATORY APPARATUS, ETC. 


Head Office and Works: 76 Oldhal! Street, Liverpool 3, Lancs. 
Southern Factory: Valley Works, Ware Road, Hoddesdon, Herts. 
(AlO main London/Cambridge Road, at Junction of A602). 





|hegg LOW-VOLTAGE 


POWER UNIT 


This low-voltage power unit has been de- 
signed to meet the needs of science teaching 
in secondary schools and provides an effi- 
cient source of low voltage A.C./D.C. power 
for experimental purposes in science labora- 
tories. The front panel is hinged to expose 
the wiring and component parts for teaching 
and the interlocking isolation switch renders 


the unit ‘dead’ and quite safe to handle. i we re 


The unit has been pro- 
duced to the require- 
ments of the London 
County Council Educa- 
tion Committee and is 
already in use ina large 
number of schools 
throughout the country 
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A full technical specification 
will be sent on request =, SES 
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The special configuration of the pole pieces ensures a 
magnetic field pattern which applies a constant force to 
a particle of given susceptibility, regardless of its position 
in the operating space. This is the unique and most 
important advantage of the ISODYNAMIC Separator. 


For maximum convenience and usefulness the unit is 
entirely self contained. All magnet and vibrator controls, 
the ammeter and necessary switches are built into its 
massive cast-iron base—and included in the low price of 
the separator. 


S. G. FRANTZ CO., INC. ENGINEERS 


P.O. Box 1138 Cable Address 
Trenton 6, New Jersey, MAGSEP, 
U.S.A. Trentonnewjersey 


Developed by a company which has devoted almost 20 years of research 
and engineering 
ISODYNAMIC Magnetic Separator covers the entire range of minerals. 
It is used in mineralogical research laboratories in 25 countries of the 
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The MS2 Mass Spectrometer 


<= @ general-purpose instrument for — 


@ Isotope assay work 
@ lonisation and dissociation studies 


@ General gas analyses 


MASS RANGE 1-340 
at full ion-accelerating voltage 





| Isotope 112 114 SBT HB) 120 122 | 124 





rr rn ee rr) et eet center aimee cerenemamnamen eae 


Enriched 
ass 


115 0:70 | 0-37 112 358 103 190 15:0 | 62 | O81 | 0-65 
117 056 O16 47 32 699 140 27 | 29 | 57 | 0-44 
118 0-22 <0-04 < 04 025 093 941 2-95 1:36 | 0:08! 0-10 
119 0:33 Ol <0:04 0-49 0-72 185 71-7 7:3 | 067! 0-22 
122 0:20 034 034 21 87 5-1 26 | 34 |753 | 1-95 





The table illustrates the application of the MS2 to 
Isotope assay work. Samples of stannic chloride en- 
riched by electro-magnetic separation, were analysed 
and compared with a normal sample. The figures in 


bold type are the final amounts of the particular METROPOLITAN -VICKERS 











isotopes in which the samples were enriched. ectee, Gs ek tee vam sae 0 





3351C Member of the A.E.I. group of companies N/S503 











Please cut out and file 


type ALWAYS a (OET “FIT” 


Over 7000 types and sizes. 


research Loads up to 30 toms EACH. CAS TORS 














Frantz Wheels from 2 in. to 46 in. dia. F _ =e 
; We also make all types of trolleys and OTnutoOsey 
ninerals. special transporters, an example of which So 


s of the is shown below. In addition to this, we oP —————> a 
also manufacture Drawer Slides and \ a 

| Engineers’ Clamps, etc. 

| Ask for Brochure 
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Engineers. Patentees & Sole Manufacturers: 


AUTOSET (PRODUCTION) LTD., 75-80 STOUR STREET, BIRMINGHAM 18 


Established over 35 years Telephone: Edg. 1143 (3 lines) 
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PHOTOGRAPHY THROUGH. 
THE MICROSCOPE ....=24.. 
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Pocket Size but as 
accurate as a 5ft 6'slide rule 


The Otis King Calculator, with its 66-in. scales, is 
more useful than any ordinary slide-rule. Problems 
like the above—and of course others less compli- 
cated—are solved in a few seconds: accurate results 
to four or five significant figures can be read. 

It costs 49s. 6d.—measures 6 in. by 14 in.—and is 
strongly made in metal, with plastic-coated scales. 
The Otis King Calculator is obtainable from 
leading instrument dealers and drawing 
office suppliers or direct from Carbic 
Limited (Dept. D.), 54 Dundonald 
Road, London, S.W.19. (Leaflet 
on request.) 





The 

OTIS KING 
Pocket 

Calculator \ vy 








Leaf of Pampas Grass * 120 


. » » is a simple matter with the 


GOLDER MICROFLEX 
EYEPIECE CAMERA, £10 10s. 


Demonstrations by appointment 
Send for leaflet M.29 for full information 


ALBERT GOLDER & CO. 


137 DAIRSIE ROAD, ELTHAM, LONDON S.E.9 
Telephone: ELTham 5126 Agents required abroad 
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their parents), and people such as legis- 
lators who wield national and inter- 
national power—was the outstanding 
conclusion of the Unesco Conference 
on “The Dissemination of Science”, 
held in Madrid in October. 

The conference took the view that 
the “Science Clubs” of America repre- 
sent an idea which might profitably be 
extended to other countries. The im- 
portance of laboratory visits was 
stressed by ProrF. EDGAR SCHIELDROP of 
Oslo and Sir BEN LOCKSPEISER, Secre- 
tary of Britain’ss D.S.I.R. The con- 
ference recommended the organisation 
of more such visits, especially for 
parties from schools. 

The importance of scientific articles 
in publications designed for business- 
men was stressed by several delegates; 
the excellent work of the Financial 
Times (London) was given as an 
example. 

During the discussion several speakers 
referred to the article of DISCOVERY’S 
editor on Science and the Press, which 
was published in /mpact (September 
1954). The conference delegates showed 
much interest in an exhibit composed 
mainly of British science journals, in- 
cluding DISCOVERY. 


The Night Sky in December 


The constellation Gemini is conspicuous 
during this month and is easily found 
as follows: Draw an imaginary line 
through « and 8 Ursae Majoris (the 
fourth and second stars of the Plough), 
and produce it about four times as far 
as the distance between these two stars. 
This line will pass very close to Castor 
or « Geminorum, and a little below 
Castor you will see Pollux-8 Gemi- 
norum. A small telescope will show 
that Castor is a double star; one com- 
ponent is a little brighter than the other, 
but both shining with a greenish light. 
The separation of the components is 
about 6 inches. (That is about the angle 
which a foot measure would subtend at 
your eye if it were 11.000 yards 
distant, so it is not surprising that you 
cannot see each star with the naked 
eye.) Each of the components is revolv- 
ing round the common centre of gravity 
of the pair, the time of a revolution 
being about 350 years. The combined 
mass is about five times that of the 
sun, the more massive one being three 
times as heavy as the sun. Their dis- 
tance from us is about 46 light-years, 
and from this and their angular separa- 
tion it is easily computed that their 
distance apart is 8000 million miles. A 
little more than half-way from Castor 
to the northern portion of the constel- 
lation Orion you may be able to see 
something like a faint nebula but on 
examining it with a telescope it will be 
seen as a beautiful cluster of stars 
known as M35. It lies on the western 
side of the constellation Gemini, close 
to the junctions of Taurus and Orion, 
and its beauty always makes a strong 
appeal to everyone seeing it for the 
first time. 


DECEMBER 1955 DISCOVERY 


£14 million Industrial Fund for 
Advancing School Sciences 


Sixteen industry companies, concerned 
in chemical, electrical and mechanical 
engineering, have decided to take steps 
to assist the teaching of pure and 
applied science and mathematics in 
secondary schools, because of growing 
disquiet over the shortage of scientists 
and technologists. The names of the 
companies are: 

Associated Electrical Industries Ltd., 
British Insulated Callenders Cables Co. 
Ltd., British Petroleum Co. Ltd., British 
Portland Cement Manufacturers Ltd. 
Group, Courtaulds Ltd., The Distillers 
Co. Ltd., English Electric Co. Ltd., 
Esso Petroleum Co. Ltd., General 
Electric Co. Ltd., Arthur Guinness, Son 
& Co. Ltd., Imperial Chemical Industries 
Ltd., Imperial Tobacco Co. Ltd., Rolls- 
Royce Ltd., The Shell Petroleum Co. 
Ltd., Tube Investments Ltd., Vickers 
Ltd. and The Wellcome Foundation Ltd. 

These companies have established an 
Industrial Trust, to be known as the 
Industrial Fund for the Advancement 
of Scientific Education in Schools. For 
capital works at maintained schools, 
public funds are available, but no such 
help exists for independent schools and 
direct grant schools, at many of which 
the facilities are seriously inadequate 
through lack of capital resources, and 
it is therefore to these that the spon- 
soring companies are directing their 
intentions. 

The assistance will be given solely by 
the provision of capital grants towards 
the building, expansion, modernising 
and equipping of science buildings in 
independent schools and direct grant 
schools in the United Kingdom, the 
Channel Islands and the Isle of Man. 
Over £1} million has already been 
guaranteed, but it is believed that many 
other companies that depend on 
adequate supplies of pure and applied 
scientists and technologists will wish to 
add their support, in their own as well 
as in the national interest. 

An executive committee has been 
formed, consisting of the following: Sir 
Hugh Beaver (chairman), Sir Wilfrid 
Anson, Mr. R. A. Banks, Mr. E. H. O. 
Elkington, Dr. Willis Jackson, F.R.S., 
Mr. W. E. Jenkins, Prof. G. F. Mucklow, 
Mr. J. A. Oriel, Dr. F. Roffey, Dr. 
C. P. Snow, Prof. Sir Alexander Todd, 
F.R.S., Lt.-Gen. Sir Ronald Weeks, Mr. 
A. H. Wilson, F.R.S. This committee 
will adjudge and assess all applications. 

The committee’s secretary is Mr. 
Peter Ashton, of Courtaulds Ltd. The 
address of the Fund is 20 Savile Row, 
W.1. The trustees are Barclays Bank 
Ltd. 

* . 

An interesting new report stressing 
the importance of well-trained labora- 
tory technicians in schools has been 
produced by a sub-committee of the 
Science Masters’ Association. Copies 
can be obtained price Is. 2d. from John 
Murray (Publishers) Ltd., 50 Albemarle 
Street, London, W.1. 
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Centenary of Swiss Technological 
University 

The Federal Technical University at 
Zurich, one of the world’ S great “tech- 
nological universities”, has just cele- 
brated it 100th anniversary. Eight 
Nobel Prizewinners have served on its 
staff, including Einstein (a former 
student), Wolfgang Pauli and Leopold 
Ruzicka. A fund of nearly £1 million 
has been raised to mark the centenary. 


New Film COnit for London’s Zoo 


The Zoological Society of London has 
signed a two-year agreement with 
Granada Theatres Ltd. to set up a joint 
film unit that will have full film and 
television rights at Regent’s Park, 
Whipsnade and on Zoo expeditions. 
The unit, which will be based on 
Regent’s Park, will be in charge of a 
fully trained Zoologist assisted by two 
or three cameramen. Granada _ will 
provide the technical resources. 

Dr. Harrison Matthews, permanent 
secretary of the Society, has explained 
that with the multiplication of tele- 
vision interests some such scheme was 
inevitable, as it would be impossible 
to provide facilities simultaneously to 
several T.V. groups. 

Access to strictly news items would 
be provided to all television groups. 
Zoo films made at the Zoo for the 
cinema will go through normal trade 


channels. Granada will have first 
option on T.V. features, otherwise 
they would be on open offer. The 


B.B.C.—which had agreed to the new 
arrangement beforehand—will occupy a 
special position in view of its past 
close association with the Society, 
and will still be able to make about 
twelve T.V. programmes of its own at 
the Zoo each year if it wishes. 

It is also intended to use the unit for 
research purposes, and Dr. Matthews 
pointed out that the film camera lent 
itself to a good deal of Zoological work. 


Books on Electrical Engineering 

No. 29 in the new series of select 
bibliographies now being published by 
the County Libraries Section of the 
Library Association is concerned with 
Electrical Engineering. These shilling 


booklets are generally obtainable 
through any county or municipal 
library. 


“Breeding” Insect Pests out of Existence 


The American screw-worm fly (Cal- 
litroga hominovorax) has fallen victim 
to a biological trick that seems to 
present man with a new weapon in his 
battle against insect pests. The fly lays 
its eggs on wounds or damaged tissue 
in living animals on whose flesh the 
hatched larvae feed. The mature larvae 
fall off and pupate in the soil, and as 
the life-cycle is only four weeks the 
spread of infestation can be rapid. 
Unless treated, infested animals com- 
monly die, and screw-worm annually 
causes millions of pounds’ worth of 
damage to livestock in America. 








Members of the Entomological 
Research Branch of the U.S. Depart- 
ment of Agriculture established in 1953 
that if screw-worm pupae were irradiated 
with x-rays or gamma-rays the emerg- 
ing males were all sterile. A dose of 
5000 roentgens was adequate for this 
purpose. They also noted in the labora- 
tory that the females only mated once 
and were just as liable to do so with 
sterile as with normal males. The 
resulting eggs, of course were infertile. 
Last year three members of this research 
unit—R. C. Bushland, A. W. Lindquist 
and E. F. Knipling—co-operated with 
the Government Veterinary Service of 
the Netherlands Antilles in the large- 
scale release of sterilised male flies on 
the island of Curacao. The island was 
heavily infested with screw-worm and 
was too far from the mainland for out- 
side flies to cross over and interfere 
with the controlled experiment. 

The three entomologists have reported 
complete success in a communication 
to Science. Pupae were irradiated from 
a cobalt source in a Florida laboratory 
and flown to Curacao where the emerg- 
ing flies were released from aircraft, 
eventually at the rate of 400 a square 
mile a week. Infestation was assessed 
from pens of goats strategically placed 
about the island. In the first week a 
large proportion of the eggs deposited 
on the goats were found to be infertile 
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and then the fly population and the 
number of egg-clusters began to drop 
rapidly. Between October 1, 1954, and 
July this year not a single case of 
screw-worm infestation was discovered 
in a domestic animal on the island. 
After a gap of nine months the authors 
modestly claim the the fly—with a 
life-cycle of four weeks—must be con- 
sidered eradicated. 

This technique could be applied in 
other areas, and its possibility for con- 
trolling certain other pests (e.g. sheep 
bot fly and tsetse flies) is being 
explored. 


Sixth Astronautical Congress 

The announcement from Washington 
that rockets would be used to launch a 
satellite vehicle as part of the USS. 
research projects associated with the 
International Geophysical Year, seemed 
to hold little surprise for many of the 
delegates to the Sixth International 
Congress meeting in Copenhagen. In- 
deed, most of the papers presented at 
the congress were concerned with such 
a vehicle. 

The missiles needed for the establish- 
ment of an unmanned satellite seem to 
have been available for some time. 
Perhaps a _ prototype satellite may 
already have been tested. The launch- 
ing of a complete satellite by 1957 


would hardly be feasible unless most 
of the preliminary work in large rockets 
has already been done. 

The launching stages for the satellite 
are probably some intercontinental 
missile like the Convair ATLAS, which 
is said to be capable of carrying an 
atomic warhead for a distance of 
5000 miles along a ballistic trajectory 
which may take the final stage 800 miles 
above the earth’s surface. A high per- 
formance rocket used instead of the 
normal payload could accelerate a hun- 
dred pounds or so of instruments to 
orbital velocity at an altitude of about 
200 miles. 

R. Tousey, of the Naval Research 
Laboratory, Washington, discussed the 
possibilities of observing the satellite 
assuming that it would be a sphere 
21 inches in diameter and having a good 
reflecting surface. Taking account of 
the phase which the satellite would 
exhibit, he concluded that if one knows 
exactly where and when to look, the 
satellite, when nearly overhead and at 
200 miles altitude, will first be visible 
with good binoculars just after sunset. 
About an hour after this time it will be 
seen with the unaided eye so long as it 
remains out of the earth’s shadow. The 
best position for observation will be 
when the satellite is at an elevation of 
70° azimuth opposite to the sun. 
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Classified Advertisements 


OFFICIAL APPOINTMENTS 








ASSISTANTS (SCIENTIFIC): The Civil Ser- 
vice Commissioners invite applica- 
tions for pensionable posts. 

Age at least 174 and under 26 years 
of age on January 1, 1955, with exten- 
sion for regular service in H.M. Forces, 
but candidates over 26 with specialised 
experience may be admitted. 

Candidates must produce evidence of 
having reached a prescribed standard of 
education, particularly in a science or 
mathematical subject. At least two 
years’ experience in the duties of the 
class gained by service in a Government 
Department or other civilian scientific 
establishment or in technical branches 
of the Forces essential in one of the 
following groups of scientific subjects: 

(i) Engineering and physical sciences. 

(ii) Chemistry, bio-chemistry and 

metallurgy. 

(iii) Biological sciences. 

(iv) General (including geology, 

meteorology, general work rang- 
ing over two or more groups (i) 
to (iii) and highly skilled work in 
laboratory crafts such as glass- 
blowing). 

Inclusive salary scale £280 (at 18) to 
£575 (men) or £490 (women). Starting 
pay up to £423 (men) or £380 (women) 
at 25. Women’s pay subject to improve- 
ment under equal pay scheme. Some- 
what less in provinces. Opportunities 
for promotion. 

Further particulars from Civil Ser- 
vice Commission, Scientific Branch, 30 
Old Burlington Street, London, W.1, 
quoting No. S.59/55. Completed appli- 
cations should be returned as soon as 
possible, and in any case not later than 
31st December, 1955 





Applications are invited for pensionable 
posts as 


ASSISTANT EXAMINERS 
in the 
PATENT OFFICE 


to undertake the official scientific tech- 
nical and legal work in connection with 
Patent Applications. There are a small 
number of similar posts in the Ministry 
of Supply. Applications may _ be 
accepted up to December 31, 1955, 
but early application is advised. 
interview Boards will sit at frequent 
intervals. 

Candidates must be between 21 and 
28 years of age during 1955 (up to 31 
for permanent members of the Experi- 
mental Officer Class) and have First 
or Second Class Honours degree in 
physics, chemistry, mechanical or elec- 
trical engineering, or mathematics. 
Candidates taking their degrees in 1955 
may apply before the result of their 
degree examination is known. 

Starting emoluments in London, in- 
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cluding Extra Duty Allowance for 
454-hour week, between £554 and £761 
(men), £674 (women) according to 
periods of National Service and post- 
graduate experience rising to £939 
(men) and £842 (women). Promotion to 
Examiners—£977 to £1344 (men), £863 
to £1209 (women); normally after 
5 years (3 or 4 years in exceptional 
cases). Women’s scales subject to in- 
crease under equal pay scheme. Good 
expectation of promotion to Senior 


Examiner. Candidates are recruited by 
selective interview. 

Application forms and __ further 
information from the Civil Service 


Commission, Scientific Branch, 30 Old 
Burlington Street, London, W.1, quoting 
number S.128/55. 








THEORETICAL NUCLEAR 
PHYSICIST 


Required by 


THE ATOMIC WEAPONS 
RESEARCH ESTABLISHMENT, 
ALDERMASTON, BERKS. 


To carry out fundamental re- 
search in nuclear physics, particu- 
larly on the theory of nuclear 
structure. The successful applicant 
will be expected to keep abreast of 
current developments in this field 
and opportunities will be provided 
and encouragement given for visits 
to Universities and to the Atomic 
Energy Research Establishment at 
Harwell to keep in touch with 
experimental and theoretical de- 
velopments. 


He will be called upon to advise 
on the best values of nuclear 
constants to use in numerical 
calculations and on the design and 
interpretation of nuclear physics 
experiments. The finest nuclear 
physics experimental facilities are 
being built up in the Establishment 
and there is also available a large 
electronic computing machine. 
Applicants should have a First 
Class Honours Degree in Mathe- 
matics or Physics together with 
several years’ post-graduate research 
experience in nuclear physics. 


SALARY: To be assessed within the 
range £1270-£2200 according to 
qualifications and experience. Con- 
tributory Superannuation scheme. 
Successful married officers now 
living outside the Establishment’s 
transport area will be eligible for 
housing on one of the Authority’s 
estates, alternatively assistance to- 
wards legal expenses incurred in 
house purchase will be payable. 
Requests for application forms by 
POSTCARD to the Senior Recruit- 
ment Officer at the above address. 
Quote reference 799/47. 
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PECIALIST ASSISTANT required by 

NIGERIA NORTHERN REGION Agricul- 
tural Department for one tour of 
12/24 months with prospect of per- 
manency. Salary scale (including In- 
ducement Addition) £750 rising to 
£1554 a year. Commencing salary 
according to experience. Outfit allow- 
ance £60. Free passages for officer and 
wife. Assistance towards cost of chil- 
dren’s passages or grant up to £150 
annually for their maintenance in U.K. 
Liberal leave on full salary. Candidates, 
preferably under 35 years of age, must 
be highly trained in laboratory tech- 
niques of either Plant Pathology or 
Entomology and should possess a 
Diploma of the Science Technologists 
Association or similar qualification or 
experience. Write to the Crown Agents, 
4 Millbank, London, S.W.1. State 
age, name in block letters, full quali- 
fications and experience and quote 
M3A/35303/DI. 





FXPERIMENTAL OFFICERS AND ASSISTANT 

EXPERIMENTAL OFFICERS in various 
Government Departments. The Civil 
Service Commissioners invite applica- 
tions for pensionable posts. 

The posts are divided between fol- 
lowing main groups and subjects: (a) 
Mathematical and Physical Sciences, 
(b) Chemistry and Metallurgy, (c) Bio- 
logical Sciences, (d) Engineering subjects 
and (e) Miscellaneous (including e.g. 
Geology, Library and Technical Infor- 
mation Services). There are at present 
no vacancies for meteorologists. 

Age limits: For Experimental Officers, 
at least 26 and under 31 on December 
31, 1955; for Assistant Experimental 
Officers at least 18 and under 28 on 
December 31, 1955. Extension for 
regular service in H.M. Forces. Can- 
didates aged 31 or over with specialised 
experience for Experimental Officer 
posts may be admitted. 

Candidates must have at least one of 
a number of specified qualifications. 
Examples are Higher School Certificate, 
General Certificate of Education, 
Scottish Leaving Certificate, Scottish 
Universities Preliminary Examination, 
Northern Ireland Senior Certificate (all 
in appropriate subjects and at appro- 
priate levels), Higher National Certifi- 
cate, University degree. Candidates 
without such qualifications may be 
admitted exceptionally on evidence of 
suitable experience. In general a higher 
standard of qualification will be looked 
for in the older candidates than in the 
younger ones. 


Salary (London): 

Experimental Officer 

£790-£960 (men); £693-£848 (women) 

Assistant Experimental Officer 

£320 (at age 18) to £700 (men), £614 
(women). Starting pay up to £575 (men) 
or £537 (women) at 26. Somewhat lower 
outside London. Promotion prospects. 


Women’s scales subject to improve- 








ment under equal pay scheme. 

Further particulars from Civil Service 
Commission, Scientific Branch, 30 Old 
Burlington Street. London, W.1, quoting 
No. 8.94-95 /55. Completed applications 
should be returned as soon as possible, 
and in any case not later than 3lst 
December, 1955 . 





APPOINTMENTS VACANT 





ECHNICIAN required for physica! 
chemistry laboratory. The work is 
particularly concerned with  spectro- 


scopic techniques, and experience in this 
field or in servicing electronic instru- 
ments would be an advantage. The post 
is permanent and superannuable, and 
salary will be according to age and 
qualifications. Applications, marked 
“Spectroscopy”, should be addressed to 
the Secretary, Chester Beatty Research 
Institute, Fulham Road, London, S.W.3. 





[LENS DESIGNER required for an unusual 

—and unusually good—opening with 
Ford Motor Company Limited of 
Dagenham, Essex. An attractive start- 
ing salary, with subsequent increments 
according to merit, will be offered to a 
man fully conversant with all lens re- 
quirements, photometrics, tests, materials 
and finishes. Superannuation generous, 
and non-contributory. Reply to Salaried 
Personnel Department quoting refer- 
ence VCL. 





FOR SALE 





AMAZING results obtained by using 

Green’s Lens Tissue No. 105. Write 
for samples and price list 5/G/T—J. 
Barcham Green Limited, Hayle Mill, 
Maidstone. 





SECRETARIAL SERVICES 





TECHNICAL SERVICES BUREAU. 
Specialises in services to scientific and 
technical authors. Preparing MS for 
press, indexing, proofreading, transla- 
tions, secretarial work.—17 Clifford 
Road, New Barnet, Herts. BARnet 4730. 





DECEMBER [1955 DISCOVERY 





LECTURES AND COURSES 





FARADAY HOUSE 
ELECTRICAL ENGINEERING 
COLLEGE 


THREE-YEAR COURSE, commencing 

each term, in Electrical Engineering 
to qualify for Associate of Faraday 
House and Graduate of the Institution 
of Electrical Engineers, followed by 
one year’s practical training in Industry 
to qualify for the Diploma of Faraday 
House. For Prospectus apply to Depart- 
ment “E”, Faraday House Electrical 
Engineering College, 66 Southampton 
Row, London, W.C.1. 





UNIVERSITY OF LONDON 





Three University Extension Courses 


(a) GEOLOGY OF THE LONDON AREA 


Nine lectures at the Linnean Society's 
Meeting Room, Burlington House, Pic- 
cadilly, W.1., on Mondays, beginning 
January 16, 1956, at 7.0 p.m. Lecturers: 
W. E. Swinton, Ph.D., F.R.S.E.; A. T. 
Hopwood, D.Sc., F.L.S.; F. H. Edmunds, 
M.A.; N. C. Cook, B.A. 

Fee: 10s. 
(db) PLANT VIRUSES AND VIRUS 

DISEASES 
Ten lectures at the London School of 
Hygiene and Tropical Medicine, Keppel 
Street, W.C.1, beginning January 17, 
1956, at 6.45 p.m. Lecturer: L. Broad- 
bent, B.Sc., Ph.D. (Rothamsted Experi- 
mental Station). 

Fee: 12s. 
(c) THE BEHAVIOUR OF ANIMALS: 

A REVIEW OF MODERN WORK 
Eleven lectures at the City Literary 
Institute, Stukeley Street, W.C.2, on 
Mondays, beginning January 9, 1956, at 
7.30 p.m. Lecturers: J. Carthy, 
M.A., Ph.D.; U. Weidmann, Ph.D.; 
R. A. Hinde, D.Phil.; B. M. Foss, M.A. 

Free: 5s. 
Apply to the Deputy Director (ExD) 
Department of Extra-Mural Studies, 
Senate House, W.C.1. 


UNIVERSITY OF LONDON 





TWELVE 
UNIVERSITY EXTENSION 
LECTURES 
on 
RECENT RESEARCHES IN 
METEOROLOGY 
at 
HUXLEY BUILDING, IMPERIAL COLLEGE 
(opposite Science Museum) 
SOUTH KENSINGTON, S.W.7 


Weekly on THURSDAYS 
beginning January 12, 1956 


Lecturers: 


R. M. Goopy, R. S. SCORER, 


F. H. LupLAM, of the Dept. of 
Meteorology, Imperial College 


Topics will include: the problem of 
rain-making; weather forecasting by 
computor; upper air rocket research; 
the meteorology of Mars. 


Fee: 15s. for Whole Course 
2s. for Single Lectures 


_ Applications and further informa- 
tion from the Deputy Director (ExD), 


University of London, Senate House, 
W.C 


La. 
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Strange as he might look 














arriving at Hatfield Station on an English summer day, 
the Eskimo would not have to travel far to feel at home. For almost within sight of the platform li2s | 


De Havilland’s low-temperature test room. Here, gloved and helmeted against intense cold, 


research workers study the behaviour of aircraft parts under 
The North Pole ee amt 
rctic conditions. The large test chamber in which they 
comes [ O I] a { {i el d work can be cooled to 135° of frost in less than an hour 


and a half — thanks to ‘Drikold’, the solid carbon dioxide 
or ‘dry ice’ refrigerant made by I.C.I. ‘Drikold’ is widely used, not only by British aircraft | 
manufacturers and other industries that require coldness without fuss or mess, but also by | 
those needing a convenient source of carbon dioxide gas. In the engineering, ice-cream, meat, fish, 
brewing, soft drink and many other industries, ‘Drikold’ plays its part in providing coldness, 


freshness, ‘head?’ or ‘fizz’ all the year round. | 


Thus, and in a thousand kindred ways, I.C.I.’ s research 
and production are serving the Nation. 














